>v 


IMtv.       '^^'    PRICE  TEN  CENTS 


_l*i&.'V?"AX»'' 


The  whole  face  of  every  day  life  is  beinji  chanjied  by  the 
introduction  of  electricity.  Mere  is  the  story  of  electricity 
in  all  its  various  uses,  told  in  non-technical  lanUuatic 
We  know  of  no  book  or  set  of  books  that  treats  the 
Miliject  with  Mich  absorbing  interest  for  the  general  reader. 


"I>i.  ll.ni'.tcin  m-irils  no  introtlnrtiiui  tn  ilu- 
eli-riiifiil  Miiiltni.  His  wiitiiiiis  an-  ;ilw;i.vs  cUiii 
anil  interliiinini: ;  aliovc  all.  iicciirntu.  The  siylt? 
of  the  wnik  i^  sn  li  that  any  on»:  ran  r<a<l  it 
un<liM-.tan(lini:lv.  1miUm'(1.  if  any  oni-  Rons  thiouKh 
this  work  rairfnlly.  he  may  rnnsi<lrl  himself  will 
posti-il  in  clcnicntary  I'liTlrical  sricnrc."  — l-'iom 
Thf  hlecirictit  i<,-;;-.i:  l"il>.  ix.  U»<)r>. 

"It  will  In-  of  Bf'-'it  h<-lp  to  non-professional 
electricians. ■■- W.  T.  I'ms,  I'rofessor  of  Eloctro- 
nifChanics,  Columhia  I'niversily. 

"There  is  no  shirrinvt  over  tlifliculties,  but  an 
earnest  elloit  is  niaile  to  present  them  in  such 
a  shape  that  they  can  be  understood  with  no 
technical  e.lucalion."— From  I /if  Sun,  New  York, 
Jan.  21,  VMh. 

"Splendidly  adapted  to  the  purpose  for  which 
thev  were  intended."— A.  E.  Kknnellv.  Professor 
of  Electrical  Eniiineering,  Harvard  University. 

"The  manifold  applications  of  electricity  in 
modern  industry  are  strikincb'  shown  in  tlie  illus- 
trations."—From  The  Km'ii-ii) of  Reriews,  Feb..  1'.>0.=S. 


Prof.  Edwin  J.  Houston's 

<^  Electricity    in    Every-Day    Life" 

\o\.  I.      The  Generation   of  Electricity  and   Magnetism;     584  pages,  217   illustrations, 

of  which  19  are  full  pages  (3  in  full  color). 
\"oI.  II.      The   Electric  Arts  and  Sciences;    566  pages,  313  illustrations,  of  which  1 9  are 

full  pages  (3  in  full  color). 
\"ol.  III.      The  Electrical   Arts  and  Sciences   (continued);   609  pages,  270  illustrations, 
of  which  18  are  full  pages  (2  in  full  color). 
This  is  undoubtedly  the  most  comprehensive  and  extensive  popular  treatise  on 
electrical  subjects.      It  is  written  by  the  foremost  electrical  expert  of  the  United 
States,  Prof.  Edwin  J.  Houston,  a  founder  of  the  famous  Thomas-Houston  Elec- 
tric Company,  now  known  as  the  General  Electric  Company,  whose  arc  and  mean- 
descent  lights  and  trollev-car  svstem  are  now  used  practically  all  over  the  world. 
It  is  no  longer  a  matter  of  choice  whether  or  not  one  shall  become  acquainted  with 
the  general  facts  and  principles  of  electrical  science.    So  intimately  does  electricity 
enter  into  our  everv-dav  life,  that  toknow  nothingof  its  peculiar  properties  orappli- 
cation  is,  to  say  the  least,  to  be  severely  handicapped  in  the  struggle  for  existence. 
The  three  volumes  will  be  sent  by  express,  prepaid,  on  receipt  of  $4.00 
in  stamps,  draft,  money  order,  or  registered  letter.      A  special  easy  payment 
ofFcr  will  be  submitted  upon  request.      J  prospectus  will  be  sent  upon  request. 


P.  F.  COLLIER  &  SON, 


404  West   1  3th  St.,  New  York  City 
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St.  Louis 
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$50,000,000^  WORLD'S  FAIR, 

Bought  by  the  Chicago  House  Wrecking  Company,  St.  Louis  and  Chicago. 

The  ChlcaRO  House  Wrecking  Co.,  is  the  only  concern  o£  Its  kind  on  earth.  We  purchased  and  dlsmantded  every  Ex 
•position  of  modern  days,  IncUidinj?  tho  World's  Fair  of  t'hii-ago,  18i)8,  The  Trans  -  Mississippi  E.^qtosiition  of 
Omaha.     1S9!».    The     r'an-Anierk-an  __-»— — — *.^_  with  all  the   necessary  furniture  f urn- 

Exposition  at  Buffalo.  litOI.  pnd  the  ^^00^        •  ^***sw  IshinKsi  plumbing  material,  heatfcg  ap- 

£o..lKlana    Vurchttse    Kxpositlon   at  ^^/H"'^  ^^«o  ^X.  paratus, etc.,  complete.    We  can  furnish 

Rt    Loais   1!M)4.     Our  plant  and  main  ^^^    .^^  ...m~^  ^.         any  factory  or  plant  with  aB.necessary 

warehouses  are  located  la  fhlca^'o,  and       X^i-       ^fe  ■  f^  X       machinery    mill   supplies,  elfe<ttri(^ap- 

constltute  what  is  today  the  largest  in-      g    *— -^jiSSmDfc^fcta^  \     PK:\tus,   etc.    In     f  urnlshing    malarial 

stitution  on  earth,  devoted  to  the  sale  of 
building  material. hardware  and  general 
supplies.  In  addition  to  dismantling  ex- 
positions, we  are  constantly  buying  at 
Sheriffs',  Keoeirers'  and  other  sales 
brand  new  stocks  of  general  merchandise. 
We  can  furnish  all  the  material  ne- 


cessary for  the  construction  of  a  building 
lor  any  purpose.  We  can  equip  any  hotel, 
publicbuilding,  institution  or  residence 


of  this  character  we  guarantee  to  save 
you  fioni  30  to  50  per  ceHst. 

All  material  sold  under  binding  guar- 
antee to  be  absolutely  as  represented, 
and  practical  for  use.  Any  matepial  not 
Gatistictory  can  be  returned  and  money 
refunded.  Let  us  make  you  an  esMmate, 
no  matter  how  small  your  needs.  It 
makes  no  ditrerence  what  jou  are  in  the 
market  for  we  will  make  very  low  prices. 


ELECTRICAL     MATERIAL 

lA  Million  Dollars  worth  of  High-Grade 
Apparatus  of  every  kind  for  sale.  URubber 
Covered  Copper  wire,  sizes  No.  It  to  500,000  CM. 
T  Weatherproof  and  Slow  Burning  Wire,  sizes 
No.  11  to  650.000  CM.  ILead  Covered  Cable, 
all  sizes  from  No.  11  to  500,000  C  M.  TLamp 
Cord.  t203,000  New  and  used  Incandescent 
Lamps,  ranging  from  5  to  13  cents.  1 100,000 
—No.  9171  Receptacles  at — 3  cents  each. 
^Tubes,  Cleats  and  all  other  kinds  of  Elec- 
trical Apparatus.  1^50— Electric  Motors  from 
ItotOH.  P.  1'25— Generatorsfrom5to200K.W. 
IJTelephones,  Telephone  wire.  Brackets,  etc. 


Hardware,  Tools,  Nails,  Etc. 

Wire  N alls $1.60  per  100  lbs. 

.M ttiiila  Kope ?c  per  lb. 

.Kacli  Screws,  at 88c 

Tabular  Kteel  Fence  Posts,  at 80e 

All  kinds  of  hardware   and   Innumerable 
other  articles  of  this  nature. 


Pipe,  AH  Kinds  and  Sizes 


IM 


1  inch  with  couplings,  per  foot 8Me 

1"4  inch  with  couplings,  per  loot 4}^e 

8 ' ;,;  inch  casings  with  couplings,  per  foot.  10c 

4  fnch  casings  with  couplings,  per  foot.  .14c 

This  is  first  class  piping  lor  water,  gas,  oil, 

etc.,  and  in  excellent  condition. 


Desl<s  and  Office  Equipment 

This  stock  com- 
prises elegant  office 
furniture  and 
equipment  o  f  a  1 1 
kinds. 

Handsome  Roll 
Top  l>esks.  worth 
»!J3.00  at  S16.00 
Office  Chalrs.S. 75 
I>rop  Top  Type- 
writer i»esk«,  at $18.50 

Everything    necessary    to    the    complete 
of  modern  offices. 


Modern  Plumbing  Material 


^ 


A  20  to  50 
per  cent  sav- 
ing on  any- 
thing in  this 
line.  Some 
sampl  es  of 
our  prices. 
Handsome    Complete   Brand    New    Bath 

Uoom  Outfits,  at.... $35. 00  to  «il50.00 
Cast  iron  Enameled  Batli  Tubs. 

at $.13.00  to  $45.00 


Lumber 


100  Million  Feet  well  seasoned  Lum- 
ber from  the  St.  Louis  World's  Fair.  The 
very  best  grades  of  lumber  were  used  In  the 
construction  of  these  magnificent  buildings 


Send  Us  Your  Lumber  Bill 
For  Our  Estimate 

SAVE  80  TO  50  PER  CENT  IF 
YOC  BUY  AT  ONCE. 


We  are  offering  this  lumber  for  sale  at 
prices  far  below  the  original  cost.  You 
should  take  advantage  of  this  rare  oppor- 
tunity at  once,  as  prices  on  lumber  are 
advancing.  Quick  delivery  to  those  who 
purchase  now.  Full  descrlption.informatlon 
and  prices  in  special  Worlds  Fair  Catalogue 


MACHINERY  OP  EVBRY  KIND 

50—2  H.  P.  "Uncle  Sam"  Gasoline  Engiu^a, 

complete  with  Pumping  Jack,  each S60lJO 

100 — Gas  and  Gasoline  Engines,  ranging  from 
1  to  100  H.  P.  1:250— Horizontal  tubular  Boilers 
from  6  to  150  H.  P.  "20— Water  Tube  Boilers, 
150,  200  and  250  H.  P.  TIG— Fire  box  Boilers. 
T3— 50  H.  P.  "Economic"  Water  Tube  Boilers. 
1 15— Air  Compressors.  150— Pumps. 

Heaters,  Planers,  Lathes,  Wook-working 
Machinery,  Laundry  Ma<'hlnery,  Refriger- 
ating Machines  and  apparatus  of  every  kind. 

Send  for  our  regular  Machinery  List. 


Paints 


Write  for  Color  Card— Free. 


Barn  Paint,  in  barrel  lots  per 
gallon : 80e 


^oyj: 
^^ 

Cold  Water  Paints,  pec  lb.   6c  tlD^fSfi 
Perfection  Mixed  Paints,  tS^SKl^,,, 

pergallon     tfic  ^^^t^^^ 

Our  "Preinier"  Brand,  three 

year  guarantee,  per  gallon 95c 

Orders  Filled'Promptly. 


Wire  of  All  Kinds 


Linoleum  and  Oil  Cloth 

Thousands  of  yards,  high  grade  linoleum. 
In  various  colors  and  beautiful  designs.  It 
Is  all  two  yards  in  width  and  shows  prac- 
tically no  signs  of  wear,  and  can  be  used 
again  without  question.    We  are  quoting  it 

at 88  and  40  cents  per  yard. 

lOOO  yards  handsome   Inluiil  linoleum, 

per  square  yard ?5c  and  85c. 

New  Oil  <;loth.  widths,  1,  V/,,  2,  2K  yards, 

per  square  yard 18e 

1000  square  yards  of  used  matting  in  lair 

condition,  per  square  yard He 

Some  at 1 5e 


Furniture  eviry  Description 

We  have  thous- 
ands of  dollars 
worth  of  the 
finest  furniture 
In  the  various 
State  Buildings 
at  the  Exposition  Grounds.  We  have  from 
the  Pennsylvania  building,  50  high  grade 
genuine  Smyrna  Itugs,  reversible, 
prices  Iroai  $6  to  *50  each. 

80,000     Good  Wooden   Chairs,    bow 

back,  each 35c 

500  Handsome  Mahogany  and  Oak  Cob< 
blc  Scat  Kockers,  beautiful  designs, worth 
from  tt.OO  to  87.00.    Our  price,  each.. $8.00 

350  Combination  Golden  Oak  Dress- 
ers, with  large  mirrors,  worth  f  10.00.  Our 
price $5.60 

3000  Substantial  Black  Enamel, 
Seamless  T  ubing  1  ron  Beds,  three  quar- 
ter size,  with  woven  springs,  cost  $1.50.  Our 
price $3.50 

600  Vienna,  Cane  Seated  Dining 
Room  Chairs,  each $1.0O 

600  Solid  Leather  Couches,  ea,  $1  !t.  00 

Quantity  of  other  Couches,  assorted. 
.$4. 00  and  u p 

<iO  Morris  Adjustable  Easy  Chairs 
and  Rockers,  worth  $9.00  to  »12.00  Our 
price $5.50 


B.  B.  Telephone  Wire, 
barb  wire,  poultry  netting, 
annealed  wire,  all  at  very 
low  bargain  prices.  Write  for 
complete  list  of  low  prices  on 
all  kinds  of  wire  fencing  and 
fence  posts. 


Heating  Apparatus 


Iltjatinz    Apparatus, 

furnaces,  piping,  radiators, 
registers,  etc.  Save  from 
25  to  40  per  cent.  Send  us 
details  of  your  building  and 
we  will  quote  low  price  lor 
complete  heating  plant. 


Steel  Roofing 

$1.50  per  100  square  feet 

Painted  botli  sides,  durable, 
economical,  for  houses,  sheds, 
barns,  etc.  Tills  is  our  No.  15 
grade,  sheets  2  ft.  x  21t.  Price 
is  for  Hat.  Corrugated  or  "V" 
( 'filliped  costs  $1.60.  We  prepny 
fr.>l-lil  In  full  to  all  points  cast 
of  ( 'olorado, except  Oklahoma, 
Texas  and  Indian  Territory. 
We  liave  other  grades.  Ask 
for  our  Special  Rooting  cir- 
culars. 


Elaborate  Mahogany  Furniture  in  Dressers,  Ciiairs,  Buffets,  Side  Boards,  etc.    Handsomest  assortment  ever  offered,  all  practicaiiy  new 


"Send  us  special   Exposition   Catalogue   as   ad- 
vertised In  The  Technical  Wobld. 


ASK  FOR  OUR  EXPOSITION  CATALOGUE.  ^LHtU'^ 

articles  we  have  for  sale.  Kindly  lill  in  the  coupon  In  lower  left  hand  corner. 
Cross  the  items  in  the  advertisement  tliat  interest  you  most,  and  we  will 
send  you  lull  descriptions  and  mall  you  our  300  page  catalogue. 

Chicago  House  Wrecking  Co.,  «^^"  t?,?cl^r  «^'- 


Mention  Technical  World  Magazine 


THE   TECHNICAL    irok'l.D   MACAZINE 


Cyclopedia  of 

Applied  Electricity^ 

J.^iV  ttXs  ikilJ  Ix-fojc  the  Nxiks  weif  ic.i.U   (or  ilrlivciv.  *}  A  ri.irtuMi  Guide  lor  Elcclrictans,   Stationary  Eneinccrs, 
M(\-iuinic«,  Knfiinppiins  StuJcnt«,  and  all  Persons  IntotcstoU  in  Klectiicily. 


Kivo  VolunioM     2,JitW  rniro.t     Fully  Imioxisi     hI/.i- of  imjroSxlO  inchi-s.    Hound  in 
\  Kcd  Morvx'ca    Over  1^.000  full  i>airc  plutoti.  diaKranis,  tables,  formuUv,  etc. 
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on 

Ave  days 

Approval 

(Exprecs  Prepaid) 


We  will  sond  these  VkxiW.s  to  your  home  free  for  examination,  express  prepaid.     Look  them  overand  examine 
them  at  your  leisure.     If  satisfied  send  us  S2.00  down  and  $2.00  per  month  for eipht  months  thereafter.     Other- 
wise notify  us  and  we  will  send  shipping  directions.      Cash  with  order  $17.00.      Money  refunded  if  not 
satisf  actor}'. 

NOTE    This  special  offer  will  be  withdrawn  Nov.  30th 

SOME  or  THE  WRITERS 

PROP.  F.  B.  CROCKER,  head  of  Department  of  Electrical  Engrineerine.  Columbia 
University. 

PROF.  WILLUM  ESTY,  head  of  the  Department  of  Electrical  Engineering.   Lehigh 
University. 

H.  C.  CUSHITTG,  Jr.,  Wiring  Expert  and  Consulting  Engineer. 
PROF.  GEORGE  C.  SHAAD,  University  of  Wisconsin. 
J.  R.  CRAVATH,  Western  Editor  of  the  Street  Railway  Journal. 

WILLUM  BOYRER,  Division  Engineer,  N.  Y.  and  N.  J.  Telephone  Company.  ^p 

CHAS.  THOM,  Chief  of  Quadruplex  Dept.  Western  Union  Telegraph  Co. 
PROF.  LOmS  DERR,  Massachusetts  Institute  of  Technology. 
PERCY  H.  THOMAS,  Chief  Electrician,  Cooper-Hewett  Co.,  N.  Y.  City. 
A.  FREDERICK  COLLINS,  Author  of  "Wireless  Telegraphy." 
For  Contents  jee  tt'tlej  o_f  booKj 
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American  School  of  Correspondence 
Chicago,  Illinois 
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THE  TECHNICAL  WORLD  MAGAZINE  is  a  monthly  magazine,  published  the  fifteenth 
of  each  month,  preceding  date,  devoted  to  the  problems  of  the  technical  and  industrial  world,  and  a 
treatment  of  all  matters  of  interest  in  Applied  Science. 
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THE    TLCllXlL.lI.    irORl  n    \f  ;,,M7/V/: 


WILL       BE      DIVIDED      AMONG 


THE   59   PERSONS 

wlio  seiul  in  the  largest  list  ot  subscribers  to 
"The  Technical  World  Magazine"  between 
Sept.  twentieth,  Nineteen  hundred  and  five, 
and  January  first,  Nineteen  hundred  and  six. 
^These  CASH  PRIZES  will  be 
au'arded  in  addition  to  the  regular 
premiums    given    lor    new    subscribers. 


$100.00  for  the  largest  list. 
50.00  for  the  2nd  largest  list. 
25.00  for  the  3d  largest  list. 
15.00  for  the  4th  largest  list. 

5.00  each  for  the  next  1 0  largest  lists. 

2.00  each  for  the  next  15  largest  lists. 

1 .00  each  for  the  next  30  largest  lists. 


For  list  of  premiums  awarded  in 
addition   to   cash  prizes,    address 

The  Technical  World  Magazine 

CHICAGO,    ILLINOIS 


Mention   Technical  IForld  Ma^,azine 


A  D  VER  TISEMENTS 


FREE  to 
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E  VER.YBOD  Y! 


The  Scale  tj  graduated  to  64-ths  of  an  inch, 
in  degreej  and  numbered. 


The  Protractor 


DID  IT  ever  occur  to  you  when  called  upon  to  perform  some  mechanical  work  to  be  confronted  by  almost  insur- 
mountable difficulties  because  you  did  not  have  handy  the  right  kind  of  a  tool  to  take  measurements?    H  Is  it 
practical  for  any  man  to  carry  a  cumbersome  tool  chest  to  take  measurements?    H Suppose  you  could  carry  in 
your  vest  pocket  all  in  one  instrument 


AN   OUTSIDE  CALIPER, 
AN   INSIDE   CALIPER. 
A  DIVIDER. 


A   STRAIGHT   EDGE 
AN   ANGLE   GAUGE 
A   DEPTH  GAUGE 
A    CENTER.    GAUGE 


A  TRY  SQUARE 

A  CENTER.  SQUARE 

AN  ANGLE  PROTRACTOR. 


and  many  other  combinations  too  numerous  to  mention,  but  understood  and  appreciated  at  once  by  all  having  to  deal 
with  any  kind  of  measurements.  H  We  now  present  a  tool  which  will  enable  you  to  fill  all  these  requirements  and  take 
all  measurements,  within  its  scope,  accurately  and  quickly.  H  It  is  made  of  superior  steel,  carefully  and  thoroughly 
tested  as  to  its  accuracy.  Hit  will  be  found  to  be  a  novel  and  valuable  addition  to  the  tool  chest  of  any  mechanic. 
HThe  practical  men  will  find  constant  and  novel  uses  for  it  under  any  and  all  circumstances.  1[  It  will  enable  one 
to  solve  all  the  different  and  difficult  problems  which  arise  in  the  shop  or  elsewhere.  II  It  is  so  portable  and  convenient ; 
being  small  enough  for  the  pocket — that  it  can  always  be  at  hand.  H  The  Gauge  is  made  by  first  class  mechanics  and 
no  expense  is  spared  to  insure  accuracy.  We  commend  it  as  a  finished  and  perfect  tool  for  the  various  uses  to  which 
it  can  be  put.  HThe  Combination  Gauge  is  enclosed  in  a  neat  leatherette  case  with  metal  trimmings,  so  as  to  be 
conveniently  carried  in  the  pocket.  If  You  can  get  one  of  these  invaluable  Gauges  free  if  you  accept  the  proposition 
outlined  below.  AGENTSWANTED 


HERE  IS  A  SPECIAL  OFFER  -  READ  IT 


Coupon 


We  want  to  increase  the  Sxibserlptlon 
^-.^         >v  .*v  I.Ist  to  our  Monthly  Journal   MOIIKHN  MA- 

^«       illi         ClIINKUY.   The  foundation  of  civilization 
all  I        vFvr  rests   on  Inventions  of  new  machinery. 

^T  I  To  keep  abreast  of  meclianical  progress 

•  •■^^^  should  be  the  aim  of  every  Intelligent 
man.  Our  publication  keeps  you  In- 
formed, and  it  is  written  so  all  can  under- 
stand it-  and  the  best  illustrated  of  its  class.  MODEIIN  MACHINKKY 
costs  81  00  a  year  We  want  to  setyou  started  reading  thi  paper 
regularly,  and  therefore  make  you  this  offer.  Send  us  yo.ir  sub- 
scription at  once,  enclosing  81.00  and  we  will  mail  you  5Iodern 
Machinery  every  month  for  ONE  YE.AK  and  a  Wiet-Coethe 
Combination  Gauge  FREE  at  once.  If  not  just  as  represented, 
send  the  Gauge  right  back  and  we  will  refund  your  money. 
Don't  delay  accepting  tills  proposition;  write  to-day.  Remember, 
money  back  to-morrow  if  dissatisfied.  Subscribe  now  and  be 
sure  to  tell  all  your  friends  about  this  liberal  ofifer. 


Modern  Machinery  Pub.  Co. 

1308  Security  Bldg.,  Date 

Chicago. 

Gentlemen :— Enclosed  find  81.00  for  which  please  send  me 
Modern  Machinery  every  month  for  ONE  year  and  also  send 
me  a  Wlet-Goethe  Combination  Gauge  FREE  at  once  as  ad\er- 
tlsed  in  the  Technical  World,  and  without  further  cost  to  me.  It 
Is  understood  that  If  I  am  dissatisfied  that  I  have  privilege  of 
returning  the  Gauge  and  my  money  will  be  refunded. 
Yours  truly. 


Modern  Machinery  Publishing  Co.  ms  security  BWg. 
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and  many  other  combinations  too  numerous  to  mention,  but  understood  and  appreciated  at  once  by  all  having  to  deal 
with  any  kind  of  measurements.  II  We  now  present  a  tool  which  will  enable  you  to  fill  all  these  requirements  and  take 
all  measurements,  within  its  scope,  accurately  and  quickly.  H  It  is  made  of  superior  steel,  carefully  and  thoroughly 
tested  as  to  its  accuracy.  Hit  will  be  found  to  be  a  novel  and  valuable  addition  to  the  tool  chest  of  any  mechanic. 
HThe  practical  men  will  find  constant  and  novel  uses  for  it  under  any  and  all  circumstances.  Hit  will  enable  one 
to  solve  all  the  different  and  difficult  problems  which  arise  in  the  shop  or  elsewhere.  H  It  is  so  portable  and  convenient ; 
being  small  enough  for  the  pocket — that  it  can  always  be  at  hand.  H  The  Gauge  is  made  by  first  class  mechanics  and 
no  expense  is  spared  to  insure  accuracy.  We  commend  it  as  a  finished  and  perfect  tool  for  the  various  uses  to  which 
it  can  be  put.  HThe  Combination  Gauge  is  enclosed  in  a  neat  leatherette  case  with  metal  trimmings,  so  as  to  be 
conveniently  carried  in  the  pocket.  H  You  can  get  one  of  these  invaluable  Gauges  free  if  you  accept  the  proposition 
outUned  below.  AGENTSWANTED 
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Machinery  every  month  for  ONE  YKAK  and  a  Wiet  i:(>etlie 
Combination  Gauge  FREE  at  once.  If  not  just  as  represented, 
send  the  Gauge  right  back  and  we  will  refund  your  money. 
Don'tdelay  accepting  thisproposition;  write  to-day.  Remember, 
money  back  to-morrow  if  dissatisfied.  Subscribe  now  and  be 
sure  to  tell  all  your  friends  about  this  liberal  offer. 


Modern  Machinery  Pub.  Co. 

1308  Security  Bldg.,  Date 

Chicago. 

Gentlemen :— Enclosed  find  81.00  for  which  please  send  me 
Modern  Machinery  every  month  for  ONE  year  and  also  send 
me  a  Wlet-Goethe  Combination  Gauge  FREE  at  once  as  ad\er- 
tised  in  the  Technical  World,  and  without  further  cost  to  me.  It 
is  understood  that  if  I  am  dissatisfied  that  I  have  privilege  of 
returning  the  Gauge  and  my  money  will  be  refunded. 
Yours  truly. 
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C  Suppose  a  salesman  called  on  you  once  a  year, 
prohahlv  at  a  time  when  you  weren't  ready  to 
order,  would  that  salesman  stand  much  chance 
of  ^ettine  business  from  you  ?  Other  things  being 
equal,  hasn't  the  persistent  asker  for  business  the  best 
chance  of  getting  it  r  And  yet  some  concerns  send 
out  a  catalog  once  a  year  and  expect  that  one  visit  to 
result  in  all  the  business  the  customer  has  to  give. 
Now  suppose  vou  let  that  customer  hear  from  you 
every  once  in  so  often  during  the  course  of  the  year, 
don't  you  think  you'd  stand  a  better  chance  of  getting 
more  of  that  man's  business,  than  if  you  expected  the 
catalog  to  do  it  all?  Let  our  editor  of  business-getting 
literature    and    our  ^^  typographical   artist 

design    and   print   a        ^^P  circular  for   you    at 

once.    We  look  for     ^^■^t^       a    call  —  or   phone. 


W.P.DUNN  COMPANY 

PRINTERS  &  BINDERS 
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The  Encyclopedic  Dictionary 

ABSOLUTELYFREE  £°xY,irS'^A?t5fi 

Will  you  allow  us  to  send  to  your  home,  without  any  cost  to  you,  a  set  of  this  world-famous 
reference  work,  to  be  kept  and  used  for  a  week?  The  coupon  cut  from  this  page  will  bring  you  a 
set  of  the  American  Encyclopedic  Dictionary  on  approval.  If  you  find  it  satisfactory,  we  will  cut 
the  price  to  one-third  the  publisher's  prices — and  you  may  pay  in  easy  monthly  payments.      If  you 

i\"  -         *\         s^^^   the  coupon  promptly,   we  will  send  the 
Modern  Atlas  of  the  world  free  with  the  set. 

This  magnificent  reference  work — costing 
$750,000  to  produce — is  a  Dictionary  and  Ency- 
clopedia combined.  In  fullness  of  definitions, 
number  of  words  defined,  and  accuracy,  it  is 
superior  to  reference  works  selling  for  five  times 
its  price.  Our  bargain  ofi^er  gives  you  the  op- 
portunity to  secure  this  reference  library  at  less 
than  half  the  price  of  any  other  first-class  refer- 
ence work.  The  set,  in  five  large,  handsome 
and  durable  volumes,  contains  250,000  words — 
^       more  than  any  other  dictionary  in  existence. 

FREE— Atlas  of  the  World 

To  get  a  quick  response  to  this  offer,  we 
will  give  free  of  charge  to  the  first  250  persons 
who  order  a  set  of  the  American  Encyclopedic 
Dictionary,  a  splendidly  bound  copy  of  the  Mod- 
ern Atlas  of  the  World.  The  Atlas  is  10x13 
inches  in  size,  bound  in  red  cloth,  and  contains 
100  maps  in  6  to  12  colors.  It  gives  separate 
maps  of  all  states  and  territories  and  all  countries  of  the  world.  It  is  a  thoroughly  up-to-date  ref- 
erence Atlas  and  is  a  valuable  addition  to  the  Dictionary.  The  price  of  the  Atlas  is  ^5.00 — but 
if  your  order  is  among  the  first  250  received,  we  send  it  to  you  without  charge. 


Five  Big  Volumes 

5.000  Pages:  250,000  Words:  3.000  Illustrations, 
50,000  Encyclopedic  Articles. 


AS  A  DICTIONARY 

this  work  defines  25,000  more  words  than  any  other  Dictionary, 
and  every  definition  is  so  clear  that  a  school  boy  can  understand 
It.  Dr.  Parkhurst,  the  famous  divine,  writes:  "The  Encyclopedic 
Dictionary  is  a  library  condensed  into  a  few  volumes;  a  ton  of 
diffusiveness  reduced  to  50  pounds  of  quintessence,  and,  withal, 
as  delicate  in  detail  as  it  is  comprehensive  In  contents." 


THE  COUPON  CUTS  THE  PRICE 

There  are  three  styles  of  binding— full  sheep,  half 
morocco,  and  library  cloth.  We  recommend  the  half 
morocco  binding  for  ordinary  use  and  the  full  sheep 
for  those  who  desire  a  set  bound  in  luxurious  style. 
We  have  obtained  a  limited  edition  from  the  publishers 
at  a  bart'ain.  These  sets  will  be  closed  out  to  prompt 
buyers  at  one-third  the  publisher's  prices.  Read  the 
coupon  carefully  and  act  at  once.  Upon  receipt  of 
the  coupon,  we  will  send  you  a  complete  set,  at  our 
expense,  to  be  returned  if  not  satisfactory.  Remem- 
ber, if  your  order  is  one  of  the  first  250  received,  you 
will  get  the  Atlas  free.  The  coupon  gives  the  regular 
prices  and  our  bargain  prices.  Note  how  much  you 
save  by  ordering  at  once.  Payments  are  50  cents 
upon  acceptance  of  the  books  and  as  low  as  a  dollar 
a  month  thereafter,  depending  upon  the  style  of 
binding  desired. 

J.  A.  HILL  ®  COMPANY 

44-60  Eo^st  23d  Street 
New  York 


MAIL  TfflS  COUPON 


AS  AN  ENCYCLOPEDIA 

it  treats  50,000  sulijecls  in  an  encyclopedic  manner,  and  this  vast 
array  of  articles  covers  the  whole  field  of  human  knowledge. 
With  a  set  in  your  home  it  means  a  liberal  education  for  your 
children  and  a  constant  source  of  reference  for  the  older  mem- 
bers of  the  family.  The  entire  work  has  been  recently  revised 
and  enlarged  by  a  staff  of  American  editors. 


J.  A.  HILL  &  COMPANY,  New  York: 

You  may  send  me  for  inspection  one  set  of  the  AMERICAN 
ENCYCLOPEDIC  DICTIONARY,  bound  in  the  style  indi- 
cated by  having  the  "X"  beside. 

Full  Sheep  Itindin^.  Regular  price  864.00.  I  will  pay  for  the  same, 
If  I  decide  to  keep  the  books,  as  follows;  81.00  after  I  examine 
them,  and  82.00  a  month  until  your  special  price  of  .¥25.00  is  paid. 


Half  Moroeeo  Itinding.  Regular  price  856.00.  I  will  pay  for  the  same, 
if  I  decide  to  keep  the  books,  as  follows:  60  cents  after  I  examine 
them,  and  81.25  a  month  until  your  special  price  of  .flO.SU  Is  paid. 

l.ihniry  (loth  Ilindln^.  Regular  price  842.00. 1  will  pay  for  the  same, 
If  I  decide  to  keeii  the  books,  as  follows:  50  cents  after  I  examine 
them,  and  81.00  a  month  until  your  special  price  of  .¥15.50  is  paid. 

It  is  understood  that  if  this  is  one  of  the  first  3,50  orders  received, 
you  will  send  me  with  the  set,  free,  an  Atlas  of  the  World.  You 
prepay  delivery  charges.  If  I  decide  not  to  keep  the  books,  I  am 
to  return  them  to  you,  charges  collect,  together  with  the  Atlas. 


Niifite . 


Tech.  W. 
10-05    State 


Mention  Technical  World  Magazine 


THE  TECHSICAL   WORLD  MACAZISR 
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something  light  enough  to  give  you  rest;  some- 
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DEPARTMENT    OF 

ENGINEERING 

Civil,  Mechanical,  Electrical 
and  Chemical  Engineering 

New  Laboratories  and  Excellent  Equipment.  Beautiful  site 
within  four  miles  of  Boston.  Preparatory  Department  for 
students  who  have  had  engineering  practice,  but  insufficient 
preparation  for  college  work.  _  _ 

For  information  concerning  courses  and  positions  of  grad- 
oates,  address 

H.  G.  CHASE,  Secretary, 

Tufts  College  P.  O.,  Mass. 


The  University  of  Rochester 

A  College  of  Liberal  Arts 

Scientific  Course  for  Technical 
Students 

Six  years  required  for  combined  College  and 
Engineering  degrees  in  co-operation  with  The 
Massachusetts  Institute  of  Technology  and 
Sibley  College  at  Cornell.  New  laboratories, 
thoroughly  modern  equipment.  Special  circu- 
lar and  catalogue  sent  on  application.    Address 


F.  L.  LAMSON,  Registrar 
Rochester,  N.  Y. 
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The  Latest  and  Best  Work  of  Dr.  Richard  S.  Rosenthal 

YOU  IIFAR  THE  EXACT  lUOMNCIATION  QV  EA(  II  WORD  AND 
PHIUSE.  A  few  minutes'  practice  several  times  a  day  at  spare 
moments  gives  a  tliorough  mastery  o£  couversational  Freiirh, 
German,  Spanish,  or  Italian. 
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INTERNATIONAL  LANQUAGE-PHONE  METHOD 
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^TTTTIY    I'Cading  Law   School 
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T-  A IV       Instruction. 
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Prepares  for  the  bar  of  any  state.  Improved 
method  of  instruction,  comljining  the  Text-Book, 
Lecture  and  Case  Book  methods.  Approved  by 
the  bench  and  bar.  Three  Courses:  Colleae, 
Post-Gradnate  and  Business  Law.  The  One-Price 
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ACTUAL     EX-  ^V^.  16  ELDON  STREET, 

PERIENCES  OF  USERS  OF    ^*S^^    LONDON,  E.  C, 
ELECTRICITY    FOR    POWER     ^^^      ENGLAND. 
PURP0SE5,    AND    15     INDISPENSABLE 
TO    MANUFACTURERS   AND  OTHERS    WHO  CON- 
TEMPLATE  OR   WHO   ARE  USING   ELECTRICAL  POWER 


SUBSCRIPTION   PRICE, 
PAYABLE  IN  ADVANCE, 
$1.25  '  PER  ANNUM 

5s.  \  POST  FREE 
EVERY- 
WHERE 


Rensselaer     % 
/o,PolytechnlcV% 


Institute, 


^%^^       Troy,  N.Y. 

l4>oalBX»niiii»lioni  provided  for.  .Stnd  foraCatalo^a 


3  MONTHS  FREE 

If  \nn  art-  Interested  In  anv  klml  of  investment,  Oil,  Mlnlnt',  }'lanta- 
tlciM,  ln<liistrliil.  IjincLs,  Stejcks,  lionds,  Mortttaires,  ete.,  .sciirl  us  jour 
Maine  anil  a<liJress  and  «e  will  wend  j<iu  The  Investor's  RevieW 
fur  :i  inr)ntlis  free  of  charjfe.  A  journal  of  advice  for  Investors,  (ilves 
latest  and  nio.st  reliable  Information  <'oni'ernln({  new  enterprises. 
Knowledge  Is  jwDwer.  Great  opjKirtunltles  come  and  m>.  Great  fakes 
likewise,    (iet  |Kjst«<l  before  Investing.    Write  to-day 

INVESTOR'S  REVIEW,  1580  Caff  BIdg.,  Chicago,  III. 


Special  Initial  Pin  Coupon 


The  STAR   MONTHLY, 


OAK  PARK, 


ILLINOIS^^ 


this   one 
them. 


Please  send  me  one  German  Siher  Enamel  Stick  Pin.  and  5  other  coupons  like  t^^t^f^ 

^       ^  ,  riends  as  soon  as  /  get  |  v|^4ks 
/  enclose  4  cents  in  postage  stamps  as  requirec 


/  agree  to  give    the  coupons  to  5  boy  h 
lose  4  cents  in  postage  stamps  as  requirea. 


Street,  P.  O.  Box 
or  Rural  Route 


Town State. 


Initial  Wanted 

■^rite  or  rrint  TO-;:-  l 


D 


Address  Your 
Letter  like  this 

y  carefully- 


The    STAR.    MONTHLY, 
Oak  Park,    Illinois. 
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ADVERTISEMENTS 


Public  Opinion  Is  the  only 
weekly  In  the  United  States 
that  gives  in  each  issue  a 
complete  digest  of  current 
periodicals,  together  with 
original  articles  especially 
written  for  this  magazine. 
It  is  a  lire  and  virile  weekly 
magazine,  reflecting,  as  a 
mirror,  every  phase  of  the 
world's  thought  and  activ- 
ity. 

Each  issue  contains  44 
large  pages,  handsomely 
illustrated,  and  sparkling 
with  human  interest  from 
the  tirst  to  the  last  page. 
It  contains  in  every  num- 
ber, several  departments  of 
special  interest  to  various 
classes  of  readers. 

Pablic  Opinion  has  been 
established  nineteen  years 
and  is  read  every  week  by 
50,000  intelligent  Americans. 
It  Is  published  on  Saturdays 
—52  numbers  a  year — con- 
taining 2,000  pages  of  read- 
ing matter.  The  subscrip- 
tion price  is  83.00  a  year— or 
10  cents  a  copy  at  news 
stands. 


The  Universal  Encyclopedia 

8  Volumes  — 4,100  Pages  — 2,000  Pictures 

THIS  is  the  most  compact,  concise,  and  clear  encyclopedia  ever  pub- 
lished. It  gives  in  eight  volumes  all  the  essential  facts  contained  in 
the  ponderous  forty- volume  encyclopedias.  It  is  the  ideal  reference 
work  for  busy  people,  for  students,  and  for  all  those  who  desire  a  compre- 
hensive and  accurate  encyclopedia  for  a  small  outlay.  We  offer  you  a 
bargain— placing  this  high-class  encyclopedia  within  the  reach  of  every 
one.     Read  this  advertisement  carefully  and  send  the  coupon  at  once. 

A  Library  Condensed  Into  Eight  Books 

The  Universal  Encyclopedia  is  revised  up  to  date,  giving  the  most  accurate  information  on  all 
subjects.  The  set  is  in  eight  volumes,  bound  in  red  library  cloth,  stamped  in  gold— a  handsome, 
well-made  set  of  books,  worthy  of  a  place  in  every  home.  There  are  4,100  double-column  pages, 
with  2,000  text  illustrations,  besides  a  complete  series  of  maps  in  colors,  covering  the  entire  world. 
It  treats  of  every  subject  of  general  interest  from  politics  to  polar  exploration,  from  medicine  to 
mechanics.  It  has  been  compiled  by  editors  of  the  highest  standing,  and  it  is  guaranteed  to  be 
authoritative  from  A  to  Z.  Compare  it  with  reference  works  costing  four  times  the  price  of  this 
one— and  prove  this  statement  for  yourself. 

The  BooKs  and  the  Magazine  at  Half  Price 

We  have  secured  control  of  a  limited  number  of  sets  at  less  than  the  actual  cost  of  printing,  and 
as  long  as  these  sets  last  we  intend  to  offer  them  in  connection  with  a  year's  subscription  to  Public 
Opinion  at  a  price  so  low  that  it  will  make  this  the  most  extraordinary  book  bargain  of  a  decade. 
The  Universal  Encyclopedia  sells  for  $16.00  a  set,  and  Public  Opinion  sells  for  $3.00  a  year,  but  we 
cut  the  price  of  both  combined  squarely  in  two. 

Send  Us  the  Coupon 

from  this  advertisement,  properly  filled  out  (without  any 
money),  and  we  will  send  you  a  set  of  the  Universal 
Encyclopedia,  express  prepaid,  for  seven  days'  exami- 
nation—to be  returned  if  not  satisfactory.  At  the  same 
time  we  will  enter  your  name  for  a  year's  subscription 
to  Public  Opinion.  If  you  decide  to  accept  the  books, 
send  us  50  cents  in  seven  days  and  $1.00  a  month  there- 
after for  nine  months,  paying  for  both  the  books  and 
Public  Opinion.  This  offer  saves  you  $9.50  and  gives 
you  this  Encyclopedia  and  Public  Opinion  for  a  little 
more  than  half  the  price  of  the  books  alone.  Better  take 
advantage  of  this  offer  at  once,  as  it  may  not  be  repeated. 

PUBLIC  OPINION  COMPANY 

44-60  East  23d  Street,  New  YorK 


public  opinion.  New  York  : 

Send  me,  at  your  expense,  a  set  of  the 
Universal  Encyclopedia,  and  enter  my 
name  for  a  year's  subscription  to  Public 
Opinion.  If  the  books  are  satisfactory,  I 
will  send  you  50  cents  in  seven  days,  and 
$1.00  a  month  for  nine  months.  If  not 
satisfactory,  I  will  return  them. 


Name 

Street 

City  AND  State. 

Tech.  W.  10-05. 
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PACIFIC  COAST 


California.    Oregon,    and    Washington,    splendid    in 
thrir  climatic  and  health-building  conditions,  offer  the 
opportunity  of  a  lifetime  for  build-ng  up  a  new  home. 
The  division  of  great  ranches  affords  a  fine  oppor- 
tunity  to   get   a   small    farm   that    will    assure    you   a 
ct)mpetence.     Profitable  crops  of  fruit  and  grain  can  be 
,^    -v-v'  raised  with  a  minimum  of  labor;  business  is  good  and 

-''  capital  finds  profitable  investment. 

One-way  Colonist  tickets  are  on  sale  daily,  Sept.  15th 
to    Oct.    31st,    at    the    rate    of    $33.00   from    Chicago    to 
San  Francisco.    Los  Angeles,    Portland,   Tacoma,    Seattle, 
Bellingham,    Vancouver,    and    Victoria,    with     corre- 
spondingly low  rates   from   all   points,    good   on   daily  and 

Personally  Conducted  Tours 

In  Pullman  tourist  sleeping  cars.^  Double  berth,  Chicago  to 
San  Francisco.  Los  Angeles  or  Portland,  only  $7.00.  S.  A.J 
Hutchinson.  Manager,  212  Clark  Street,  Chicago. 

$62.50  California 


AND     RETURN 


Strictly  first-class  round-trip  tickets   are    on  sale  from    rif-. 
all    points.    Oct.    17th    to    21st:     rate    from    Chicago    to     -^ 
San  Francisco  and  Los  Angeles  and  return,  $62.50. 
All  Agents  sell  tickets  via 


Chicago,  Union  Pacific 
and  North=Western  Line 


If  you  want  to  know  how  to  reach  the  Pacific  Coast,  how 
much  it  costs  to  go,  how  long  it  takes,  and  what  you  can  do 
when  you  get  there;  if  you  want  to  know  about  the  resources, 
climate,  and  opportunities  of  the  West,  send  4  cents  in  stamps 
for  booklets,  maps,  etc. 

W.    B.    KNISKERN,   Pissenccr  Tn*rric  M*N«Gen 

CHICAGO   &    NORTH-WESTERN    RV..    CHICAGO,    ILL. 
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The  Question 


u 


Will  You?  Not  Can  You! 

Every  man  r^>»,  if  he  ?r>7?,  increase  his  linowledge,  and 

thert'l.v  his  s:il:iiv,l.y  iininoviiik'  his  spnre  time.  Your  pay 
dei. . 'lids  I'll  y. . Ill- kun«li-(lt;e:  tlM'i(-f..rt' you  cmitrol  your  own 
salary.  If  you  aif  g.-tliuK  suiall  vay  it  is  hrra.use  you  are 
doing  a  Kiailc  of  work  f  liat  innnlrf-ds  of  others  (  ■  u  do  equally 
well.  Ourinstructiou  vill  tit  you  for  a  hi^'her  t-'i  ad.;  in  your 
present  line,  or  in  an  eiitiri:ly  ditlercnt  liiif.  I'.m  lirms  ar« 
eagerly  searohiug  for  eiiKiiiFt-rs  capable  of  (lirectiim  thi-ir 
vast  enterprises,  to  \\lioui  th^y  can  pay  salaries  as  t;reat  as 
«;iii  mill  a  year  The  Kiit;iueer  is  not  the  man  in  overalls  \yith 
the  oil-can  and  \vaste  in  his  hand,  lie  is  the  man  whodesi^'us 
the  engine  ^yliich  the  other  man  runs.  He  is  the  master 
mind  Avho  conceives,  plans  and  directs  the  Mork  of  hundreds 
of  other  men. 

E,NGINE,E,RING 

TAUGHT  BY  MAIL. 

If  you  cannot  go  to  a  technical  school  it  can  he  brottght  to 
your  door  hy  the  postman.  Our  students  study  under  the 
direction  of  "the  same  teachers  %\  ho  have  charm-  of  the  lah- 
oratories  and  classes  of  Armour  Instilute  ot  1  cchuolo^y, 
thus  brint'iut,'  for  the  first  time  to  eiiKiueerini;  cc.rresi.oml- 
ence  students  the  standards  and  thoroughness  ot  resident 
school  instruction.  .st„<lfiits  dtsrriiig  to  continue  then-  stinhes 
am/  ti(ke  a  ihnn-e  in  i  rsulence  will  oegiven  proper  credit  by 
Arinniir  Jiistitii/e  of  Ttchnolooy- 

Make  vovr  Inquiry  to-day.  Select  one  of  the  folhnving 
courses  in  ^yhich  you  are  interested  and  give  inforinatiou 
requested  in  inquiry  blank  below.    200-page  hand-ii<ioli  tic  . 


Mechanical  Drawing. 
Electrical  Engineering. 
Central  Station  Work. 
Electric  Lighting. 
Electric  Railways. 
Telephone  Practice. 
Mechanical  Engineering. 
Telegraphy. 

Sheet  Metal  Pattern  Draft'g. 
Machine-Shop  Practice. 
Heating,    Ventilation    and 

Plumbing. 
Stationary  Engineering. 
Marine  Engineering. 
Locomotive  Engineering. 
Structural  Engineering. 


Municipal  Engineering. 
Railroad  Engineering. 
Surveying. 
Hydraulics. 
Structural  Drafting. 
Complete  Architecture. 
Architectural  Engineering. 
Contractors'  and  Builders' 

Course. 
Cotton  Course. 
Woolen  and  Worsted  Goods 

Course. 
Knit  Goods  Course. 
College  Preparatory  Course 

(fitting  for  entrance  to 

engineering  schools). 


Name 

Address 
Occupation 


T.  \V.  Oct.  '05. 


,^    AMERICAN  SCHOOL  OF  CORRESPONDENCE 


Armour  Institute  of  Technology, 
CHICAGO.  ILL.,  U.  S.  A. 


YOU  are  no  different  from  the  thousands  of  others  who  have  succeeded  hy 
this  means,  and  ymi  can,  if  you  xvill.  It  costs  you  notliing  to  inquire  ;  neilhn- 
will  it  brim  an  arjent  to  annoy  you  for  all  time  to  come.  We  cmplo,/  no 
a'inits.  All  money  imid  by  the  student  is  used  in  instnietino  the  student.  Tuition 
fees  are  moderate -from  $10  up -and  may  he  paid  in  small  monthly  payments. 


J 


With  each  full  engineering  course  will  be  included,  without  extra  charge,  the  12  vol.  Reference  Library  Modem 
Engineering  Practice  shown  on  pages  xiv  and  xv.     Write  for  conditions  for  securing  this  valuable  work. 
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SEE  ALSO  PAGES  XUI  AND  XV 
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REFERENCE  LIBRARY  MODERN 
ENGINEERING     PRACTICE 

=  IN  TWELVE  vnTmynj-fi  - 

A  Reliable  Guide  for  Engineers,  Mechanics,  Machinists  and  Students; 
Illustrating  and  Explaining  the  Theory,  Design,  Construction  and  Operation 
of  all  kinds  of  Machinery;  Containing  over  Six  Thousand  Pages,  Illustrated 
with  more  than  Four  Thousand  Diagrams,  Working  Drawings,  full-page 
Plates  and  Engravings  of  Machines  and  Tools 


PARTIAL  TABLE  OF  CONTENTS 
Volume  One 

Elements  of  Electricity — Current— Measurements — Electric  Wiring — 
Telegraphy — Including  Wireless  and  Telautograph— Insulators— Electric 
Welding. 

Volume  Two 

Direct  Current  Dynamos  and  Motors  —  Types  of  Dynamos  —  Motor 
Driven  Shops — Storage  Batteries. 

Volume  Three 

Electric  Lighting — Electric  Railways — Management  of  Dynamos  and 
Motors — Power  Stations. 

Volume  Four 

Alternating  Current  Generators — Transformers— Rotary  Converters — 
Synchronous  Motors — Induction  Motors — Power  Transmission— Mer- 
cury Vapor  Converter. 

Volume  Five 

Telephone  Instruments  —  Lines  —  Operation — Maintenance  —  Common 
Battery  System — Automatic  and  Wireless  Telephone. 

Volume  Six 

Chemistry — Heat — Combustion— Construction  and  Types  of  Boilers — 
Boiler  Accessories — Steam  Pumps. 

Volume  Seven 

Steam  Engines  —  Indicators  —  Valves,  Gears  and  Setting  —  Details — 
Steam  Turbine— Refrigeration — Gas  Engines. 

Volume  Eight 

Marine  Engines  and  Boilers  —  Navigation  —  Locomotive  Boilers  and 
Engines — Air  Brake. 

Volume  Nine 

Pattern  Making — Moulding — Casting — Blast  Furnace— Metallurgy — 
Metals — Mechanism — Machine  Design. 

Volume  Ten 

Machine  Shop  Tools  —  Lathes  —  Screw  Cutting  —  Planers  —  Milling 
Machines — Tool  Making — Forging. 

Volume  Eleven 

Mechanical  Drawing— Perspective  Drawing — Pen  and  Ink  Rendering 
— Architectural  Lettering,  Carpentry. 

Volume  Twelve 

Systems— Heaters — Direct  and  Indirect  Steam  and  Hot  Water  Heating 
, — Temperature  Regulators — Exhaust  Steam  Heating — Plumbing — 
Installing  and  Testing— Hot  and  Cold  Water  Supply— Ventilation. 


SEE  ALSO  PAGES  XIII  AND  XIV 
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Complete 
Drawing 

Outfit  No  la 


The  Official  Drawing 
Outfit  Used  and  Ke- 
cott) mended  by  the 
School 


— A     REGULAR 

^        \       RETAIL 

\        PRICE 

\         $15.34 

■'(  Cut  is  ReProductd 
from  a  Photography 


DETAILED    LIST    OF 

mSTRUMENTS: 

Set   of  German    Silver   Drawine   Instruments  in 

Morocco  Leather  Pocket  Case,  velvet  lined,  with 

bar  lock,  compri&ine: 
One   German    Silver    compass,    6    inches    lone. 

with    pen.    pencil,    needle    point    and    length- 

eninv  bar. 
One    German    Silver  spacing  dividers,   5  incbei 

lone. 
One  steel  sprine  bow  dividers,  3'^  inches  lone 
One  steel  sprine  bow  pen,  3H  iccbes  lone,  with 

needle  point. 
One  steel  sprine  bow  pencil.  3^  inches  lone,  with 

reedle  point. 
One  &-inch  ruline  pen,  sprine  on  npper  Blade- 
One  case  with  leads. 
One  sdjustine  key. 

Retail  Price  of  Instruments,  J6.90 


.90 
.75 
.70 


Total  Value  of  Complete  Outfit,  $15.34 


OUTFIT   ILLUSTRATED: 


DRAWING  MATERIALS: 

One  Drawing  Board.  19:c25  inches,  seasoned 
pine,   with    end    battens,  tongued  and 
grooved,  shellac  finish,     -       -       -       -       $1.50 

One  Mahogany  T-Square,  24  in.  long,  ebony 

lined,  fixed  head,  shellac  finish, 

One  45'  Transparent  Triangle,  8  inch. 

One  30°x60°  Transparent  Triangle,  10  inch. 

One  12-inch  Triangular  Boxwood  Scale,  engine 

divided  ;  graduated  3-32,  3-16,  1-8,  1-4,  3-8, 

3-4,  1-2,  1 1-2,  and  3  inches  to  the  foot,  and 

one  edge  inches  and  16ths,  with  case,    -         LOO 

One   Xranaparent  Combination,  irregular   or 

French  Curve,  special.  ....         1.00 

One  Bottle  Waterproof  Ink  ...  .25 

One4-H  Siberian  Drawing  Pencil,         -       -  .10 

OneFaber'elnk  EraHer,  No.  1075,  -       -  .05 

One  Faber'a  Pencil  Eraser,  No.  Ill,       -       -  .05 

One  dozen  Thumbtacks.  ....  .20 

Nine  sheets  Whatman's  handmade,  cold  pressed, 

Drawing  Paper,  1314^20  Inches,  -       -  .54 

Twelve  sheets  Whltstock  Drawing  Paper,  11x15 

Inches  (for  practice  work  only),         •       -  -15 

One  Nickel  Plated  Erasing  Stencil,       •       •  .25 

One  Sandpaper  Block,      -       -       .       .       •  .10 

One  6-inch  German  Silver  Protractor,  V4 


Retail  Price  of  Materials,     -    %    £.44 

SPECLU.  PRICE  TO  A.  S.  C.  STUDENTS  S/cSa'o*S)  S5.95 

In  order  to  secure  the  above  special  price  it  is  necessary  to  be  a  student  of  the  American  School 
of  Correspondence.  Orders  should  be  sent  direct  to  the  address  of  the  manufacturer  as  eiven 
below,  accompanied  by  PostOfi&ce  Order  or  by  Registered  Letter  for  the  amount  and  a  statement 
that  the  writer  is  a  member  of  the  American  School  of  Correspondence.  Express  charges  are 
to  be  paid  by  the  purchaser  (for  students  in  the  West  and  Middle  West  express  charges  to 
CHICAGO  will  be  prepaid.)    Address: 

A.  D.  MACLACHLAN,  214  Clarendon  Street,  Boston 

ARCHITECTS'  AND  ENGINEERS'  SUPPLIES 
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CHARLES  S.  MELLEN, 
President,  New  York,  New  Haven  &  Hartford  R.  R. 


(See  page  231) 
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B^  Jo  HIERBEMT  WELCH 

Special  Correspondent,  The  Technical  World  Magazine 


IN  the  sky  above  great  cities,  on  clear 
nights,  is  a  pale,  wide-spreading 
glow.  From  a  distance  of  many 
miles  it  may  be  seen,  and  the  sug- 
gestion is  that  somewhere  below  a  mighty 
fire  is  raging.  In  reality  it  is  the  reflec- 
tion of  millions  of  small  lights — the  glow 
of  the  city's  contest  with  the  darkness. 

A  Riot  of  Light 

The  general  effect  of  the  battle  of  the 
lights  is  lost  as  you  approach,  but  you 
begin  to  see  many  individual  members  of 
the  army.  In  outlying  districts,  you  see 
them  as  forlorn  sentinels  on  lonely 
streets.  On  the  waterways  which  lead  to 
most  big  cities,  you  see  them  gliding 
through  the  night  on  shadowy  craft, 
shining  out  from  dark  shores,  throwing 
quivering  reflections  on  the  water  from 
long  rows  of  wharves. 

All  these,  however,  are  but  outposts. 
It  is  not  until  the  centers  of  the  city's 
night  life  are  reached,  that  you  find  the 
real  triumphs  of  the  lights.  Here  they 
have  routed  night.  The  thousands  of 
glowing  incandescent  lamps  in  shop  win- 
dows, and  the  huge  signs  that  blazon 
forth  announcements  in  strident  streams 


of  electric  fire,  combine  in  a  tumult  of 
illumination  from  which  the  stars  hold 
remotely  aloof,  and  in  which  the  moon's 
rays  have  no  place.  To  imagine  a  moon- 
light night  on  one  of  these  dazzling  thor- 
oughfares, would  be  to  picture  the  city 
in  abandoned  ruins. 

The  credit — as  also  the  responsibility — 
for  the  riot  of  light,  rests  with  those  who 
have  something  to  exchange  for  money. 
Two  or  three  of  the  largest  department 
stores  in  this  country,  for  instance,  are 
among  the  greatest  individual  consumers 
of  electricty  for  lighting  in  the  world.  In 
a  single  establishment,  late  on  a  winter 
afternoon,  there  are  not  less  than  35,000 
incandescent  lamps  in  operation — as 
great  a  number  as  is  to  be  found  in  many 
cities  of  considerable  size.  The  bills  for 
this  lighting  reach  $50,000  a  year.  But 
far  exceeding  this  amount  of  light,  is  that 
used  to  bring  forth  in  glowing  outlines 
against  the  night  the  curving  arches,  the 
globes,  the  turrets,  and  the  towers  of  the 
great  pleasure  resorts  at  Coney  Island. 
Nearly  100,000  incandescent,  lamps  of 
eight  candle-power  join  in  the  electric 
carnival  at  Luna  Park  and  there  are 
nearly   as   many   at   Dreamland.     They 


Copyright,  1905,  by  The  Technical  World  Company 


(i39) 


140 


THE  TECHNICAL   WORLD  MAGAZINE 


^V»Afs#*--  /s 
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make   these  the  most   brilliantly   illunii- 
iiated  spots  on  earth. 

About  three  million  electric  lii^^hts  are 
burnings  in  Xew  York  City  on  week-day 
niphts.  These  and  the  j^^asli.c^hts.  esti- 
mated to  number  at  least  ten  million, 
would,  if  they  could  be  focused  into  a 
single  candle,  make  the  flame  of  the  lat- 
ter miles  in  height.  Ikit  it  would  shrink 
steadily  after  midnight,  pale  before  the 
heralding  glow  of  morning,  and  dwindle 
into  comparative  nothingness  before  the 
sun. 

The  Black  Source  of  Light 

A  city's  lights  constituting,  as  they  do. 
the  human-made  substitute  for  the  sun, 


Night  View  of  Central  Park  Casino,  New  York  City 


a  glance  at  the  mechanical  ])rocesses  be- 
hind them  will  be  worth  while.  The 
sdurce  of  the  light  may  be  traced  to  the 
black  depths  of  coal  mines,  which  are 
levied  on  to  the  extent  of  about  2,500 
tons  a  day  for  the  lighting  df  New  York. 
This  may  not  seem  a  large  amount  of 
fuel  in  proportion  to  the  results  obtained. 
It  may  seem  that  the  processes  are  econ- 
omical, but  the  truth  is  that  they  are 
very  wasteful.  It  is  estimated  that  less 
than  half  of  one  per  cent  of  the  energy 
in  the  coal  that  is  daily  fed  to  the  fur- 
naces of  electric  stations  and  gas  houses, 
finds  expression  in  light.  Some  time  this 
condition  will  be  remedied.  Scientists 
and  engineers  are  working  on  the  prob- 
lem. As  yet,  however, 
the  need  of  a  solution 
docs  not  seem  to  be 
very  urgent.  It  is 
,  said  that  there  is 
enough  coal  in  sight  to 
last  at  least  two  hun- 
dred years ;  so  it  will 
be  American  cities  of 
the  remote  future  that 
will  have  to  depend 
for  light  upon  the 
power  of  Niagara  and 
other  waterfalls,  or 
upon     the     generation 
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of  electricity  by  chemical  action,  or — as 
has  been  suggested  as  a  iwssibility — upon 
the  artiticial  prodnotion  o\  tirc-tly  hi^lit. 

Working  of  an  Electric  Lighting  Station 

At  presiiit.  civil  Kirj^es  in  constant  pro- 
ce»iun  trail  up  the  rivers  and  canals  up- 
on which  are  liKated  most  of  the  coun- 
try's lijillit  factories.  The  Waterside  Sta- 
tion of  the  New  York  lulison  Comi)any, 
situated  adjacent  to  the  I'ast  river  on 
Manhattan  Island,  generates  more  elec- 
tricity than  any  other  sin.^le 
plant  on  earth,  and  supplies 
most  of  the  current  for 
lighting  the  metropolis. 
Here,  therefore,  may  be 
located  a  brief  descrijnion  of 
how  coal  is  transformed  into 
electric  light. 

The  top  floor  of  this  sta- 
tion is  an  immense  coal- 
bin.  On  the  bulkhead  at  the 
river's    edge    are    two    steel 


Most  of  this  ctxil  is  lironght  dirootly 
fnuu  the  mines;  hut  since  the  coal  slrike 
of  !»;<)-»,  w'.ien  it  was  necessary  to  import 
great  cargoes  of  coal  from  luigland,  the 
I'Mison  C  ompany  has  provided  against  an 
interrnptiim  of  the  supply  from  the  usual 
.sources,  by  establishing  on  the  New  Jer- 
sey side  of  the  Hudson  river,  opposite 
(irant's  tomb,  a  storage  yard  in  which 
there  are  three  huge  moimds  of  coal,  con- 
taining, in  all,  about  200,000  tons.  J-'nor- 
mous  trusses  convey  the  coal  to  and  from 
the  tops  and  sides  of 
these  miniature  black 
hills. 

(  )nce  in  the  bunkers 
of  the  Waterside  Sta- 
tion, the  coal  slides, 
by  gravity,  through 
ciiutcs,  to  the  boilers 
below.  There  are  fifty- 
six  of  these,  on  two 
floors,  of  which  twenty 
are  provided  with  au- 


NIOHT  VIEW  OF  ELECTRIC  TOWER  AT  DREAMLAND,  CONEY  ISLAND. 


hoisting  towers,  each  equipped  with 
clam-shell  buckets  with  a  capacity 
of  a'  ton  and  a-half  apiece.  By 
means  of  these  the  coal  is  taken  from 
the  barges,  placed  in  large  receiving  hop- 
pers, and  then,  by  a  belt  conveyor,  is  ear- 
ned to  the  weighing  hoppers,  whence  it 
is  lifted  in  a  huge  conveyor  bucket  to  the 
bunkers.  In  an  hour.  150  tons  of  coal  are 
thus  handled.  The  daily  consumption  at 
this  station  is  about  1,000  tons  in  sum- 
mer, and  1.500  tons  in  the  winter.  A 
supply  of  TO.ooo  tons  is  kept  continually 
in  the  bunkers. 


tomatic  stokers.  Human  stokers  feed  the 
others ;  and  day  and  night  there  are 
always  in  the  boiler  room  bare-backed 
men  shoveling-  coal  into  the  flam- 
ing beds  whose  heat  produces  the 
steam  that  sets  in  motion  the  wheels 
and  rods  of  the  sixteen  great  engines. 
These  engines  are  of  the  vertical  ma- 
rine type,  and  are  capable  of  producing 
a  combined  energy  of  128,000  horse- 
power. 

Besides  the  Waterside  Station,  there 
are  several  other  steam  generating  sta- 
tions on  Manhattan  Island.     The  Water- 
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side,  however,  is  much  the  most  im- 
portant. It  is  the  great  pulsating  heart 
of  the  electric  system  of  New  York. 
From  it,  power  is  transmitted  to  thirteen 
substations,  where  it  is  stored  and  sent 
forth  to  supply  consumers.  The  distribu- 
tion of  the  current  from  Waterside  is 
regulated  by  the  system  operator,  who 
has  his  post  on  a  gallery  at  one  end  of 
the  building,  where,  by  means  of  sig- 
nals, he  is  enabled  to  keep  his  finger  on 
every  pulse-beat  of  this  huge  electric 
heart.  It  is  his  duty  to  have  adequate 
machines  in  operation  for  all  emergen- 
cies.    His  position  is  somewhat  like  that 


"I  want  to  get  back  to  the  quietude  of  my 
own  workshop,"  he  remarked  on  leaving.  "I 
can't  stand  New  York.  You  are  too  glaring 
and  noisy  over  here,  one  of  the  chief  reasons 
being  that  you  are  using  so  many  of  my  con- 
trivances." 

Large  as  is  the  present  Waterside  Sta- 
tion, it  has  been  found  too  small  to  meet 
the  constantly  growing  demands  for  elec- 
tric current.  This  growth  is  indicated  by 
the  fact  that  the  number  of  electric  lights 
in  New  York  City  is  increasing  at  the 
rate  of  2,000  a  day.  To  keep  pace  with 
this  development,  the  Edison  Company  is 
constructing,  adjacent  to  the  first,  a  sec- 
ond Waterside  Station,  which  will  con- 
tain ninety-six  boilers  instead 
of  fifty-six ;  and  engines  and 
turbines  of  160,000  instead  of 
128,000  horse-power.  The 
two  stations  will  be  operated 
in  conjunction  with  each 
other,  and  wall  constitute  by 


A  NIGHT  VIEW  OF  BROADWAY.  NEW  YORK  CITY. 


of  train  dispatcher  at  a  great  railway  ter- 
minal. 

The  work  of  the  engines  at  the  Water- 
side Station  has  been  supplemented  by 
two  steam  turbines  of  the  Curtis  type. 
One  of  these,  now  in  operation,  was 
among  the  first  to  be  put  to  practical  use. 
Thomas  A.  Edison  came  over  from  his 
laboratories  in  New  Jersey  to  watch 
its  action.  He  was  greatly  inter- 
ested, but  did  not  remain  at  the  station 
long. 


far  the  largest  plant  in  the  world  for  the 
generation  of  electricity. 

Gas  the  Old  Stand-by 

In  spite  of  the  strides  in  electric  light- 
ing, gas  is,  and  will  continue  to  be  for 
years,  the  more  extensively  used  illumi- 
nant.  If  the  operations  in  the  gas-houses 
were  to  be  suddenly  suspended,  the  ma- 
jority of  streets  and  houses  would  be 
steeped  in  gloom.  But  these  operations 
never  are  suspended.     The  currents  of 


\\\ 


THE   TECHSICAL   WORLD  MAGAZINE 


HOW   GREAT   CITIES  FIGHT  DARKNESS 


145 


gas  that  flow  from  the  tanks  to  burst  in- 
to milHons  of  Httle  flames,  never  cease  to 
flow.  Since  1826,  when  the  New  York 
Gas  Company  was  organized,  its  fires 
have  not  been  out.  The  gas-house  was 
moved  from  the  lower  part  of  the  city 
to  its  present  site  in  1848;  but  a  foreman 
brought  along  some  fire  in  a  forge-fire 
that  has  ever  since  burned  with  fierce 
intensity. 

For  the  making  of  "water  gas,"  which 
is  somewhat  more  extensively  manufac- 
tured for  lighting  in  this  country  than  is 
"coal  gas,"  generators  much  resembling 
vertical  furnaces,  are  kept  full,  from  near 
the  top  to  near  the  bottom,  with  coal ;  and 
this  coal  is  kept  at  white  heat  by  strong 
blasts  of  air.  A  critic  of  gas  companys 
who  was  allowed  to  inspect  a  plant  not 
long  ago,  observed  the  engine  that  was 
pumping  air  into  the  generator,  and  aft- 
erward exclaimed  with  great  vehemence : 

"I  was  pretty  sure  that  the  company  was 
selling  the  people  air  before  I  went  to  the 
gas-house ;  and  now  I  know  it,  because — con- 
found it!— I  saw  the  thing  actually  done. 
They  have  a  big  engine  just  for  that.  By 
heaven,  the  people  should  rise  against  this 
swindle !" 

After  about  eight  minutes  of  applica- 
tion of  the  air-blast  to  the  coal,  the  en- 
gineer turns  it  off  and  turns  on  the  steam, 
which  is  forced  through  the  white-hot 
fuel  and  is  transformed  by  its  fiery  pass- 
age into  "blue"  or  hydrogen  gas.  After 
eight  or  ten  minutes  of  this  process,  the 
steam  is  turned  off  and  the  air  again 
turned  on,  to  reheat  the  coal  to  the  proper 
temperature.  The  blasts  of  air,  rising 
suddenly  through  the  generators,  cause 
the  lurid  outshootings  that  intermittently 
illuminate  gas-house  districts  at  night' 
with  spectacular  flame. 

Adding  the  Illuminant,  and    Scrubbing 

The  blue  gas  thus  generated  has  no 
illuminating  power.  It  must  be  joined 
with  oil  gas  to  become  the  gas  of  com- 
merce. The  union  takes  place  in  the 
pipes  which  lead  away  from  the  gen- 
erators and  from  the  "benches,"  in  which 
the  oil  gas  is  produced.  The  word 
"benches"  is  applied  to  numerous  retorts, 
about  twenty  feet  long  and  two  feet  high. 
They  are  shaped  like  miniature  tunnels. 
A  low  grade  of  crude  petroleum  flows 
through  them  in  pipes,  and  the  flame  of 
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EXCAVATING  ON  THE  SITE  OF  THE  NEW  WATERSIDE  STATION,  NEW  YORK  CITY. 


FOUNDATION  WORK  ON  THE  NEW  WATERSIDE  STATION.  NEW  YORK  CITY. 
WITH  VIEW  OF  PRESENT  STATION. 
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fiercely  burning  oil  envelops  them.  The 
heat  vaporizes  the  petroleum  into  a  rich, 
yellow  gas,  which,  in  the  proportion  of 
one  part  to  two  of  the  thinner  blue  gas, 
mingles  with  the  latter  in  the  pipes,  and 
flows  with  it  to  the  condenser,  a  great 
metal  box  containing  pipes  filled  with 
cold  water.     By  contact  with  these  pipes, 


vapor  and  tar.  There  are  seven  square 
miles  of  these  surfaces  in  a  single  scrub- 
ber. 

And  yet,  even  this  extensive  scrubbing 
does  not  make  the  gas  clean  enough  for 
a  proper  appearance  in  the  city.  It  is 
still  smirched  with  sulphur.  This  is 
rubbed  off.    The  gas  is  made  to  percolate 


GAS  GENERATORS. 


the  gas  is  cooled  and  condensed,  and  oil 
vapor  and  pitch  are  squeezed  out  of  it. 

But  it  is  by  no  means  yet  sufficiently 
purified.  Exhaust  engines  now  force  it 
into  the  "scrubber,"  a  high,  circular  tank 
containing  a  great  number  of  wooden 
slats  arranged  at  various  angles.  Each 
slat  is  a  sort  of  washboard.  The  gas  is 
pushed  against  one  and  then  another,  and 
they    catch   what   has   remained   of  oil 


through  a  series  of  three  boxes,  many 
square  feet  in  size,  which  are  filled  to  a 
depth  of  several  feet  with  wooden  chips, 
shavings,  and  filings,  covered  with  oxide 
of  iron.  This  takes  up  the  sulphur.  It 
was  a  rather  curious  sight,  on  a  recent 
visit  to  a  gas-house,  to  see  "little  moth- 
ers," in  charge  of  still  smaller  children, 
hovering  about  some  of  the  big  recep- 
tacles, from  which,  not  being  in  use,  the 
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lids  li;ul  boon  removed.  Tin- 
children  seemed  dddly  out 
of  plaee  here.  The  exi)la- 
iiatioM  of  their  ])rcst'nee 
was  that  the  sulphurous 
fumes  are  a  favorite  I'la.st 
Side  remedy  for  whonpinp^- 
couj^h. 

After  the  !;as  has  at  last 
been  made  immaeulatc  by 
its  oxide  of  iron  massa,y;e.  it 
is  sent  into  the  jijreat  re- 
ceivin,q"  tanks  or  holders, 
whence,  under  stronj^:  ]>res- 
sure,  it  is  flisjiatched  into 
the  citv  to  fulfill  its  mission 
of  li-h't. 

Tlic   process   of   makinj^ 
coal  .c^as  is  much  the  same, 
in  its  later  staj:;^cs,  as  that  of 
making-  water  j:;^as,  so  called 
because  one  of    its    grand- 
parents    is     steam.       The 
manufacture    of    coal    gas 
has  received    a    strong  re- 
vival   from    the    growing 
cost      of     the      petroleum 
needed  in  water  gas.  Brief- 
ly, coal  gas  is  made  by  bak- 
ing coal — that  is,  by  sub- 
jecting it  to  a  tremendous 
heat,   but   no    flame.     The 
heat  releases  the  gas  from 
the  coal,  leaving  the  latter 
in  the  form  of  coke,  and 
leaving     the     gas     to     be 
cleansed  in  ways  much  like 
those  already  mentioned. 
New  York's  Lighting  Bill 
In     twenty-four     hours, 
the  people  of  one  city,  the 
metropolis,  burn  for  light- 
ing over  100,000,000  cubic 
feet    of    gas,    which    costs 
them  nearly  $100,000.    The 
nighth'  expense  of  electric 
lighting  has  been  estimated 
at  $50,000.    ^^'ith  the  total 
cost   for   lighting  a   single 
city  amounting  to  not  much 
less  than  $150,000  a  night, 
not  forgetting  kerosene  oil 
and  candles,  it  w^ill  be  seen 
that  the  world's  warfare  on 
the  darkness  means  the  out- 
lay   of    fabulous    sums    of 
monev. 
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WHERE  OIL  GAS  IS  MADE, 


THE  METER  AT  A  GAS  HOUSE. 
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Chirts  of  Consumption    Their  Story 

MtuKru  civili/aiu'ii.  I'l  (.oursi-,  (K'- 
lunntls  this  li^jlit.  City  lift-  iii  a-rtain 
broatl  pharos  is  rotUrtcil  in  a  vivid  way 
by  the  variatioH  in  the  vdUuuc  of  hj^ht 
consunic<I  at  ditTcrcnt  hours  of  the  day 
and  nij;ht  and  at  thtTorcnt  seasons.  I  lu- 
f:ns  and  cK-ctric  hi^htini:  companies  havi- 
charts  \\\^n\  which  this  variation  is  rep- 
resented by  a  hue  which  looks  like  tlie 
outline  of  a  mountain  and  a  plain. 

On  a  chart  showinij  the  variation  for 
twenty-four  hours  toward  the  end  of  He- 
cemlKT.  when  the  daily  consumi)tinn(>f 
light  is  the  greatest  of  the  year,  the  line 


paie  r;ivs  of  the  sun  l)Ctwcon  .<;cvcn  o'clock 
and  eight,  when  the  line  slides  down  to 
the  low  plain  which  represents  the  con- 
sumption during  the  hours  of  full  day- 
light. 

The  plain  runs  along  evt'iily  until  it 
reaches  4  1'.  M..  when  it  begins  to  rise 
abruptly  to  a  peak.  This  indicates,  on 
the  December  day.  that  the  sun  is  well 
down  toward  the  liorizon,  and  that,  at  the 
rate  of  many  thousands  a  minute,  lights 
are  beginning  to  apjiear  throughout  the 
city.  The  summit  of  the  peak  is  reached 
a  little  after  five  o'clock,  w^hen  the  lights 
are  all  burning  in  the  down-town  offices. 
I)Ut  the  business  of  the  day  is  nearly  over. 
The  stenographers  arc  beginning  to  cover 
tlu'ir  machines  and  arrange  their  hats. 
Soon  after  half  past  five,  the  last  lingerers 
in  the  offices  turn  off  the  lights ;  and  at 
this  time  the  line  on  the  chart  shows  a 

rcipitatc  descent  to  a  plateau,  which  ex- 
tends to  ten  o'clock,  when  an  easy  down- 
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begnns  under  a  space  marked  "Mid- 
night," and  descends  in  a  gentle  slope  to 
a  point  under  a  space  marked  6  A.  M. 
This  means  that  between  these  hours 
there  has  been  a  steady  decrease  in  the 
outflow  of  gas  and  electricity — the  reason 
being,  of  course,  that,  as  the  small  hours 
wear  on,  more  and  more  of  those  who 
have  been  turning  night  into  day  are  put- 
ting out  their  lights  and  seeking  rest.  At 
six  o'clock  the  line  begins  to  rise  in  a 
little  knoll,  which  reaches  its  summit  at 
half  past  seven.  The  workers  are  rising 
and.  preparing  for  the  day  by  artificial 
light,  which  begins  to  be  replaced  by  the 


w^ard  grade  shows  that  the  town  is  going 
to  bed. 

On  the  charts  giving  the  variations  in 
the  amount,  of  light  used  on  spring 
nights,  there  is  no  high  peak  at  five 
o'clock,  for  the  reason  that  at  this  sea- 
son no  artificial  light  is  required  in  the 
offices.  The  spring  peak,  a  pygmy  beside 
its  sister  of  December,  comes  at  about 
eight  o'clock  in  the  evening,  when  all  the 
theaters  are  flooded  \vith  light  during  the 
overture  just  before  the  raising  of  the 
curtain  and  the  darkening  of  the  house. 
The  chart  for  summer  has  no  conspicuous 
peaks  or  precipices.     It  merely  shows  a 
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rounded  hill  rising  from  the  plain  to 
about  a  third  of  the  height  of  the  De- 
cember summit. 

But  even  at  this  period  the  city  sends 
a  high  night  glow  to  the  clouds,  a  symbol 


of  the  century,  a  measure  of  the  progress 
since  the  ages  that  were  called  "Dark," 
when  men  groped  their  way  with  torches 
and  dim  lanterns  through  the  black  shad- 
ows of  city  streets. 


A  Gentleman 


CT^^^^  OUGH  clothes  and  toil-worn  hands,  my  boy, 

/^Wli  ^^  barriers  are  to  this  estate; 

V--^l  »^      If  but  your  heart  has  no  alloy — • 

^^^  (  )  Is  purest  gold — no  stroke  of  fate 

Can  ever  interpose  a  ban 

Against  your  claim  of  gentleman. 


What  though  your  fare  be  pulse  and  bread. 
Your  only  ware  an  earthen  bo-wl  ? 

Still  proudly  may  you  lift  your  head 
If  you  possess  a  noble  soul; 

I  care  not  what  your  race  or  clan. 

You  still  may  be  a  gentleman. 

^Tiite  hands  are  often  but  the  sign 
That  marks  the  idler  in  the  mart; 

Then  envy  not  his  linen  fine. 

For  it  may  hide  an  unclean  heart; 

A  spotless  raiment  never  can 

Make  any  boy  a  gentleman. 


Be  honest,  steadfast,  true,  and  pure. 

And  do  your  -work  with  willing  hands. 

And  your  re'ward  is  al^vays  sure. 

Though  not  expressed  in  gold  or  lands; 

Be  constant  and  I  know  you  can 

AVin  that  fair  name — a  gentleman. 

—MACHINISTS'  Monthly  Journal. 
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Paper  and  its  Manufacture 

Marvelous  Consumption  of  Paper  in  the  United  States  and  How  it  is  Made 


By  WILLIAM  R..  STEWART 

Editorial  Staff,   Cosmotolitun  Magazine 


IX  the  United  States  at  least,  the  pres- 
ent is  distinctly  the  a,2:e  of  paper. 
Two  and  a  quarter  million  cords  of 
wood  and  two  million  tons  of  rags, 
straw,  nianila  stock,  and  various  kinds 
of  fiber  were  used  in  this  country  last 
year  in  the  industry  of  paper  making. 
The  value  of  the  output  was  over  $i6o,- 
000,000.  Sixty  thousand  persons  were 
employed  in  eight  hundred  pulp  and  pa- 
per-mills, and  the  sum  of  the  wages  paid 
them  exceeded  thirty  million  dollars. 

Vast  Consumption  of  Paper 

The  per  capita  value  of  the  paper  con- 
sumed in  the  United  States  yearly  is  the 
greatest  in  the  world,  and  amounted  dur- 
ing last  year  to  about  Si. 75.  News  paper 
figured  largest  in  the  total  product,  with 
a  record  for  1904  of  about  650,000  tons, 
valued  at  about  $23,000,000.  In  1890  a 
total  of  196,053  tons,  worth  $13,106,634, 
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sufficed  to  meet  the  demand.  We  were 
noted  as  the  greatest  newspaper-reading 
people  on  earth  in  1890,  but  in  1904  we 
read  about  three  times  more,  or,  at  any 
rate,  had  three  times  as  much  offered 
us  to  read.  It  is  interesting  to  note  that 
in  1890  the  cost  of  news  paper  was  about 
double  what  it  is  at  present,  namely,  $67 
a  ton,  as  compared  with  about  $35  now. 
Although  a  greater  quantity  of  news 
paper  is  made  than  of  any  other  kind, 
in  value  it  is  exceeded  by  the  production 
of  book  paper.  The  scriptural  author  of 
the  much  quoted  phrase  that  "Of  making 
many  books  there  is  no  end,"  would  have 
found  material  for  a  stronger  statement 
had  he  been  able  to  contemplate  a  yearly 
output  worth  almost  thirty  million  dol- 
lars. That  is  what  the  book  paper  inade 
in  the  United  States  last  year  was  valued 
at,  and  in  quantity  it  amounted  to  400,000 
tons.     There  were  also  produced  about 
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5^111  11 A  IIXTCAL  WORM)  MACiAZINE 
fiil  T  ii^  ;i luteals  to  everyone  w  ho  likes  to  know  Iww  and 
ic/iy  things  are  licMie.  And  who  does  not? 
Ll.N.s:iii£^^  Ninetv-nine  people  out  of  a  hundred  have  some 
leclinical  hent,  or,  at  least,  are  interested  to  some  extent  in 
-cicntiric  matters.  Thev  mav  not  he  trained  in  engineering  or 
in  the  use  of  machinery,  they  may  have  taken  only  the  first 
step  in  science,  hut  they  like  to  talk  familiarly  about  such 
thini^s,   and,   above  all,  to  understand  them. 

C  A  new  discovery  in  science,  a  wonderful  invention,  a  novel 
device  that  lessens  labor  or  ministers  to  comfort,  a  great 
achievement  in  engineering  construction,  the  wider  and  wider 
growing  application  of  electricity  to  human  uses,  the  mechan- 
ism and  processes  of  manufacturing,  the  many  phases  of  our 
industrial  life  as  they  are  being  revolutionized  by  the  application 
>f  the  truths  of  science  and  the  creations  of  inventive  skill, 
the  problems  of  transportation  on  sea  and  land,  these  and  a 
hundred  other  topics  of  more  or  less  remote  relation  to  the 
technical  professions,  the  arts  and  crafts,  and  the  wide  field 
of  Applied  Science  in  general,  have  a  fascination  for  every 
intelligent  man,  woman,  and  child. 

^  This  is  the  field  of  The  Technical  World  Magazine. 
In  simple  language  it  brings  the  most  complex  topics  within 
the  range  of  common  understanding ;  and  by  an  unusual  pro- 
lusion of  illustration  it  makes  the  reader  familiar  with  every 
detail.  In  wealth  of  useful,  practical  information  and  sug- 
gestion,  it  is  unsurpassed. 

^  All  subscribers  have  the  privilege  of  the  Consulting 
Department  free  of  charge. 
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seventeen  million  dol- 
lars' worth  of  fine 
paper,  (under  which 
designation  are  included 
writing  papers  ranging 
from  the  best  bank-note 
and  stock  certificate  to 
such  inferior  grades  that 
a  pen  scarcely  will  travel 
over  them  without  blot- 
ting ;  ledger  papers,  for 
bookkeeping  and  other 
fine  writing  purposes ; 
and  linen  papers,  usually 
with  rough  surface  and 
laid  water  mark)  ;  wrap- 
ping paper,  comprising 
rope  manila,  manila, 
bogus  manila,  etc. ;  tis- 
sue, such  as  blotting 
paper,  cover  papers,  etc., 
and  boards  of  all  sorts, 
strawboard,  box  board, 
news  board,  bristol  board,  etc. 

Like  a  good  many  other  modern  in- 
dustries that  of  paper  making  had  its 
origin  with  the  Chinese.  The  papyrus  of 
the  Greeks  and  Romans  was  not  paper 
at  all,  but  simply  the  piths  of  the  stem  of 
a  plant  cut  into  strips,  placed  side  by  side 


A  Digester. 
In  it  is  mixed  with  the  paper  the  liquor  used  to  dissolve  the  ink  on  the  old  paper. 


and  across  each  other  and  pressed  into  a 
sheet,  to  which  the  natural  gum  of  the 
plant  gave  a  homogeneous  character.  But 
the  Chinese  in  very  early  times  made  as 
genuine  paper,  in  its  general  characteris- 
tics, as  that  produced  by  the  perfected 
methods  and  machinery  of  to-day. 


SORTING  OUT  OLD  PAPER. 
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Composition  t»f  Paper 
A  sheet  of  paper  is  an  artihcially  felled 
wch  of  vegetable  fiber,  purilieil  by  means 
of  certain  prcxresses.  of  perisbablc  ma- 
terials :  tbat  is.  fil>ers  of  nuin-  or  less  pme 
collnl'xo.    cellulose    beincj    tbe    enclminij 


I'mK    em  KK    ("lANi.. 

,.ji.tu<(.  lilt;  mineral  paper  ui.t.li  is  mixed  with 
the  old  paper  to  strenethen  it. 

portion  of  veg^etabie  pfrowth  and  formincf 
tbe  structural  base  of  all  ])lants.  In  its 
broad  outline  tbe  process  of  paper  mak- 


willi  water,  fonnini;'  a  sbocl  on  a  I'lorons 
surface,  so  tbat  tbe  water  may  drain  olT. 
and  dryinjj:  tbe  sbeel  of  paper  tlnis 
formed.  1  )ilTerent  materials  are  used  for 
tbe  pulj)  to  make  dilTi-rent  jj^rades  of 
paper,  wood  pnlp  beintj  now  used  in  tin- 
manufacture  of  nearly  all  tbe  news  ])aper. 
raj^s  for  writiui;'  and  otber  fine  ]iapers. 
str:iw  and  manila  in  makinii,^  \vra])pin^" 
papers,  etc.  lUit  a  lars^e  amount  of  pai)er 
is  j^iven  its  distinctive  cbaracter  after  it 
leaves  tbe  ])aper  mill  by  surface  coatinjj^s 
witb  varif)us  substances. 

Tbe  processes  of  luakini^  piilp  'ii^'^y 
be  passed  over  as  tbey  bavc  been  prcvi- 
ouslv  discussed,  and  only  tbe  metbods  of 
makiui^  tbe  i)aper  from  tbe  l)ulp  be 
taken  up  bere.  Xo  more  striking^  com- 
parison can  be  made  of  tbe  old  and  tb.e 
new  in  tbe  paper  industry  tban  to  note 
ibat  wbereas  only  balf  a  century  aj^o  most 
of  tbe  pai)er  mills  of  tbe  United  States 
empkiyed  little  labor  outside  of  tbe  in- 
dividual proj)rictor  and  bis  family,  some 
of  tbe  lare^cst  of  tbcir  present-day  suc- 
cessors, witb  tbcir  bouses  for  employes, 
macbinc  sbops  and  otber  dependent  feat- 


PULP  FLOWING  ONTO  THE  MACHINES. 


ing  may  be  described  as  collecting  tbe 
raw  material  (pulp,  wbetber  made  from 
wood,  rags  or  otber  substances)  diluting 


ures,  form  veritable  cities  in  tbemselves. 
At  a  single  paper-making  plant  in  Maine 
250  tons  of  finisbed  paper  are  turned  out 
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every  twenty-four  hours,  and  at  another 
mill  in  the  same  state  a  single  machine  is 
producing  fifty  tons  of  wrapping  manila 
in  the  same  time. 


made  chiefly  from  rag  fiber,  but  .the  com- 
parative cheapness  of  wood  fiber  has 
since  that  time  revolutionized  the  pulp 
industrv. 


THE  DRYING  ROLLS. 
The  band  of  paper  is  shown  going  into  the  rolls  wet.     Bj'  the  time  it  reaches  the  other  end,  it  is  bone  dry. 


From  the  primitive  hand  processes  of 
early  paper  making  to  the  huge'  machines 
of  the  present-day  mills  is  a  ^remarkable 
progress  in  methods  of  production,  yet 
the  principles  are  the  same  whether  the 
pulp  be  taken  from  the  vat  in  small  hand- 
sieves  and  turned  out  a  single  sheet  at  a 
time,  as  once  was  the  method,  or  whether, 
as  is  now  done,  it  is  made  to  flow  on  to 
an  endless  wire  cloth,  from  which  it  is 
conveyed  on  blankets,  or  felts,  in  a  con- 
tinuous web  through  heavy  press  rolls 
and  over  steam-heated  drying  cylinders. 
llut  machinery  has  made  possible  a  more 
uniform  quality  of  product  as  well  as 
multiplied  many  times  the  rapidity  of 
manufacture  and  diminished  the  labor 
cost. 

To  a  limited  extent  paper  is  still  made 
by  hand  in  the  United  States,  but  since 
the  invention  of  what  is  known  as  the 
Foudrinier  machine,  in  1798,  machinery 
has  gradually  supplanted  the  manual 
process.      Until   about    i860   paper   was 


Method  of  Manufacture 

Rags  are  prepared  for  making  into  pa- 
per by  the  successive  operations  of  clean- 
ing, boiling,  washing,  bleaching,  and 
beating  or  reducing  to  pulp.     All  this  is 


End  of  a  Foudrinier  Machine,  with  Sulphite  Stock 
Coming  over  the  Rolls, 
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A  Beater. 
tiicic  (lie  pulverized  paper  is  washed  and  the  coloririK  matter  .itUlcd 


accomplished  l)v  machinery.  In  the 
washing  enjjinc  the  ra.ijs.  after  havinpf 
liecn  cleaned  and  boiled,  arc  slowly 
macerated,  losing  their  characteristics  of 
textiles  and  being  fnially  resolved  into 
single  fibers  of  varying  lengths.  In  the 
l>cating  engines  the  knives  are  arranged 
to  macerate  the  pulp  still  more  rapidly, 
and  if  various  fibers  are  used,  such  as 
rag.  wood  fiber  or  esparto  grass,  the  mix- 
ing is  done  here  while  the  stuff  is  being 
reduced  to  the  very  fine  condition  re- 
quired for  making  into  paper. 


\\w  liKarlud  pulp  has 
a  ycllowisli  cast,  and  to 
(ilttaiu  a  i)Uii'  whitf  a 
littlf  hhu'  is  adilfd,  and 
]>ai>rrs  tliat  arc  colored 
in  the  pulp  are  prepared 
at   this  ])oint. 

Althougli  \\k-  pulp 
niav  he  beaten  line 
enough  in  the  healing 
engine  the  practice  in 
this  country  is  to  pump 
it  afterwards  through  a 
so-called  "Jordan"  or  re- 
fining engine,  which 
consists  of  a  stationary 
hollow  cone  mounted 
with  knives  on  the  inside 
which  fits  over  a  solid, 
rapidly  -  revolving  cone 
mounted  with  similar  knives  on  the  out- 
side. As  the  pulp  passes  between  these 
cones  the  knives  can  be  brought  close  to- 
gether or  se])arated,  so  that  the  degrees 
of  fineness  of  the  pulp  can  l)e  accurately 
gauged. 

After  passing  through  the  Jordan  en- 
gine the  fluid  pulp — whether  made  from 
rags,  wood,  or  other  material — is  pumped 
into  the  Foudrinier  machine,  where  its 
transformation  to  finished  paper  becomes 
an  automatic  operation*.  The  j)ulp  is  first 
screened  from  the  vat  over  an  apron  to 


DRY  END  OF  THE  MACHINES    WHERE  THE  FINISHED  PAPER  IS  AUTG.NLATICALLY 

ROLLED  AND  CUT. 
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a  moving  endless  wire-cloth  supported  by 
a  series. of  small  metal  rolls  set  close  to- 
gether but  not  touching  each  other.  By 
these  rolls  an  even  surface  of  the  wire 
cloth  is  maintained,  and  by  keeping  up  a 
steady  flow  of  the  pulp  and  a  constant 
forward  motion  of  the  wire  screen  a  uni- 
form thickness  of  the  layer  of  pulp  de- 
posited is  obtained.  At  the  same  time  a 
violent  lateral  motion  of  the  supporting 
rolls  causes  the  fibers  to  interlace,  giving 
greater  transverse  strengfth  to  the  texture. 


the  second  pair  of  rolls  and  back  througli 
them  in  the  reverse  direction,  thus 
smoothing  the  other  side  of  the  sheet. 

Drying  Process 

The  paper  is  now  formed  and  the  re- 
maining operation  is  to  dry  it.  This  is 
accomplished  by  passing  it  through 
driers,  which  consist  of  large  metal  cylin- 
ders heated  by  steam,  placed  one  after 
another  or  in  tiers,  the  number  varying 
in  different  machines.     The  paper  while 


THE  WINDER. 
Here  the  long  rolls,  as  they  come  from  the  calender,  are  trimmed  to  correct  width  and  rewound,  usually  in 

rolls  of  less  width. 


While  this  is  going  on  much  of  the  water 
in  the  pulp  drains  through,  leaving  the 
fiber  on  the  meshes. 

When  sufficient  water  has  drained 
from  the  pulp  the  moist  web  is  carried 
between  "couch"  rolls,  which  are  covered 
with  woolen  felt,  and  which  press  the 
water  out  still  more  and  consolidate  the 
fiber,  giving  it  strength  to  cross  alone  the 
gap  between  the  wire  cloth  and  the  felt 
of  the  first  press  roll.  This  felt  is  an 
endless  woolen  blanket  which  supports 
the  tender  web  of  paper  through  a  pair 
of  highly  polished  brass  rolls  under  con- 
siderable pressure,  giving  the  upper  side 
of  the  sheet  a  smooth  surface  and  leaving 
the  impress  of  the  felt  on  the  under  side. 
From  the  first  press  the  sheet  runs  under 


being  carried  around  the  cylinders  is  held 
to  the  hot  surfaces  by  an  endless  blanket 
usually  of  cotton.  Thin  paper  can  be  run 
through  the  driers  with  great  rapidity; 
thick  paper  slowly. 

Finishing  Process 

The  drying  process  being  completed 
the  paper  is  given  a  smooth  surface  by 
machines  called  calenders,  which  are 
smooth-faced  heavy  metal  rollers  ar- 
ranged vertically  in  a  stack,  giving  great 
pressure  by  their  cumulative  weight  and 
by  the  application  of  screws.  The  paper 
thus  treated  is  called  "machine  finished" 
l)aper  as  contrasted  with  "supercalen- 
dered"  paper,  the  latter  being  paper 
which  has  been  passed  between  alternate 


lis 
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iron  ami  coinprcssc«l  papn  mils  umKr 
great  pressure,  'llie  tinishcil  papiT  is 
finally  reeleil  off  in  rolls  or  cut  into  sheets 
of  the  «lesireil  size. 

\\\  the  l\nulrMiier  machine  as  now  pei  - 
fix*te«l  an  itulless  web  of  paper  is  made 
i"'  n  <o  to  no  inches  wide,  at  a  speed 
•  •i  trout  ten  to  four  hundred  feel  a 
minute. 

Tlic  Cylinder  Machine 

Anoiiur  t\pe  nt  paper-inacliine.  in  use 
in  a   luunher  t)f  mills,  is  known  as  the 
>       •' ler   machine,  and   ditTers   from   the 
■  Irinier  chiefly   in  that  the  pulj).  in- 
stead of  l)eing  made  to  tlow  on  to  an 


new  si»ti;ii(l.  ImnUrs"  lidarti.  aiui  tlu-  like, 
as  wi'll  as  most  tissue  jiaper  is  mailr  mi 
the  cylinder  machine. 

Coatintf  the  Paper 

The  nuthod  <d'  cnatinn'  paper  iii  ordtT 
to  i;ive  it  a  certain  smoothness  of  liniidi 
is.  in  outline,  as  follows:  The  ])aper  to 
he  coated  is  ftd  in  a  continuous  roll,  by 
means  of  machinery,  to  a  rotary  brush, 
which  applies  the  coatiutjf  to  one  side  at 
a  time.  The  coatiujjf  material  is  spread 
evenly  over  the  paper  by  other  l)rushes, 
and  the  paper  then  is  lum.cf  in  festoons 
from  sticks  restiuf]^  on  movintif  racks,  in 
a  room  heated  Ijy  steam.     When  the  pa- 


THE  CUTTER. 
By  this  machine  the  rolls  are  Cut  to  desired  lengths  for  shipment. 


endless  wire  cloth,  is  taken  up  by  a  cylin- 
der the  face  of  which  is  formed  from 
close-meshed  wire-cloth  revolving  partly 
submerged  in  a  vat  of  pulp  stock.  From 
the  cylinder  the  net  is  removed  by  a 
couch  roll  carrying  a  felt,  and  then  dried 
and  finished  essentially  as  in  the  Foud- 
rinier  machine.  There  is  less  waste  of 
pulp  in  this  machine,  but  the  paper  made 
by  it  has  less  transverse  strength,  because 
the  fibers  lie  mostly  in  the  line  of  travel 
of  the  web,  there  being  no  shake  to  give 
them  lateral  motion.  A  large  class  of 
heavy    papers,     cardboard,     strawboard, 


per  is  dry  it  is  rewound  and  calendered, 
( that  is,  smoothed  by  being  ])assed 
through  smooth  chilled  iron  rolls,)  glazed 
or  embossed.  The  heavy  coated  book 
paper  used  where  illustrations  of  the  bet- 
ter sort  are  to  be  reproduced,  is  coated 
with  clays  and  glue  or  casein,  and  the 
necessary  smoothness  is  obtained  by  su- 
pcrcalendering.  This  consists  in  passing 
it  between  alternate  iron  and  compressed 
cotton  rolls  under  great  pressure. 

Glazed  papers,  which  are  used  princi- 
pally for  covering  paper  boxes,  are  coated 
on  one  side  only  and  given  a  very  high 
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glossy  surface  by  a  machine  called  the 
friction  calender.  This  consists  of  a  top 
roll  of  polished  iron,  heated  by  steam,  and 
a  lower  roll  of  compressed  cotton,  the  top 
roll  revolving  at  a  much  higher  speed 
than  the  lower  one.  As  the  paper  passes 
between  these  rolls  it  is  smoothed  in  the 
same  way  as  if  a  hot  iron  were  passed 
over  it.  Colors  may  be  added  to  the 
coating  mixture,  and  a  high  polish  given 
by  using  beeswax  or  carnauba  wax  in  it. 

Statistics  of  Paper  Mills 

Of  the  eight  hundred  odd  paper  and 
pulp  establishments  in  the  United  States, 
1 80  are  located  in  New  York  state,  95  in 
Massachusetts,  and  75  in  Pennsylvania, 
these  three  states  leading  in  the  number 
of  mills  engaged  in  the  industry.  Maine, 
however,  takes  second  place  in  value  of 
products.  Maine,  New  Hampshire,  and 
Vermont  during  1904  produced  about  38 
per  cent  of  the  news  paper  manufactured 
in  the  United  States,  and  New  York  37 
per  cent.  This  is  explained  by  the  fact 
of  the  abundant  supply  of  wood  pulp  in 


those  states.  In  the  three  named  New 
England  states  no  writing  paper  was 
made,  and  very  little  in  New  York. 

Mills  where  writing  paper  is  the  chief 
product  are  located  with  regard  to  avail- 
ability of  power  rather  than,  as  in  the 
case  of  the  wood-pulp  mills,  source  of 
supply.  Mills  using  rags  as  their  prin- 
cipal material,  therefore,  are  found  chiefly 
in  Massachusetts,  Pennsylvania,  and  Wis- 
consin, Massachusetts  alone  producing 
over  sixty  per  cent  of  the  writing  paper 
of  the  country. 

Several  other  states  have  other  pecu- 
liarities. Connecticut  produces  a  very 
large  proportion  of  the  ccwer  and  heavy 
wrapping  papers,  binders,  trunk  boards, 
news  boards  and  similar  grades.  Indiana 
produces  a  large  part  of  the  wood-pulp 
iDoards  and  other  boards ;  New  Jersey 
about  fifty  per  cent  of  the  news  boards, 
Pennsylvania  nearly  one-half  of  all  the 
binding  and  roofing  paper.  The  farming 
states  of  the  middle  West  are  the  chief 
producers  of  the  straw  wrapping  paper 
and  strawboard. 


At  the  End 


/^OU  are  going  to  do  great  things,  you  say: 
1 9  You  Kave  splendid  plans; 

''^rlM^      Your  dreams  are  of  heights  that  are  far  away, 
'-^  '\i^  '  They're  a  hopeful  mans  ! 

But  the  -world,  when  it  judges  the  case  for  you 

At  the  end,  my  son, 
"Will  think  not  of  what  you  -were  going  to  do. 
But  of  what  you've  done. 


:i«») 


Ho^v  to  Save  Niagara  Falls 

Possibility  of  Enormous  Water-Po-wer  Development  Without  Aftecting   the  Falls 


By  ALTON  D.  ADAMS 

Consulting  Engineer 


LIFT  Niagara  River  loo  feet,  and 
you  may  develop  1,500,000  elec- 
tric horse  power  with  the  drain- 
age of  150,000  square  miles  of 
territory !  That  this  feat  of  engineering 
is  not  only  possible  but  also  very  practica- 
ble illustrates  the  remark  of  Sam  Patch, 
made  just  before  he  jumped  the  falls  of 


feet  wide  between  the  Whirlpool  and 
Lewiston  and  Oueenston,  at  the  foot  of 
the  escarpment. 

All  the  way  from  the  Falls  to  the  brow 
of  the  escarpment,  seven  miles  down 
stream,  the  nearly  perpendicular  and 
rocky  sides  of  Niagara  Gorge  rise  from- 
200  to  300  feet  above  the  river  level,  and 


NIAGARA  GORGE  AT  THE  FALLS. 


the  Genesee  River,  that  "Some  things  can 
be  done  as  well  as  others." 

Course  of  the  River 

After  passing  from  this  storage  area 
of  90,000  square  miles  in  the  Great  Lakes, 
where  the  maximum  depth  in  Superior  is 
1030  feet,  and  making  the  plunge  of  165 
feet  at  Niagara  Falls,  the  waters  from 
half  a  continent  are  crowded  into  a  nar- 
row rock-bound  channel  only  about  400 


the  width  between  them  Is  less  than  twice 
that  of  the  stream  itself.  In  this  seven 
miles  of  its  course  from  the  foot  of  Niag- 
ara Falls  to  the  brow  of  the  escarpment, 
just  above  Lewiston  and  Oueenston,  the 
river  drops  substantially  100  feet. 

A  dam  less  than  1,000  feet  long  across 
Niagara  River  near  the  brow  of  the  es- 
carpment can  thus  be  made  to  raise  the 
water  level  there  100  feet  without  chang- 
ing the  elevation  of  the  pool  at  the  foot 
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of  the  lircat  Cataract  alunc.  W  ill)  (lu 
water  head  of  loo  feet  thus  createtl.  and 
a  storafjc  reservoir  six  miles  lonj^  behind 
the  ilain.  the  thscharj^e  of  the  Clreat  1  .akes 
i-ncrate  a  power  that  for  vohuni-. 
\.  ami  low  ct^st  of  (level* )i)nKnt 
h.i>  iK»  o|ual  in  the  world,  not  even  at 
the  present  I-"alls  of  Xiaj^ara.  Siuh  a 
clam  near  Lcwiston  and  Oueenston  wmild 
ereale  another  Xiaj^ara  Cataract  with 
two-lhirtls  the  height  of  the  present,  and 
with  a  volume  e<|ual  to  that  of  both  the 
American  and  the  1  lorseshoc  l-'alls. 

An  indirect  result  of  the  i^real  ])ower 
development  at  this  dam  miijht  well  he 
to  prevent  nniltiplication  of  the  canals. 
pipe  lines,  and  timnels  that  now  threaten 
to  retluce  Xiai^ara  River  to  a  stream  of 
imcertain  width  at  the  center  of  the 
Canadian  channel,  and  to  entirely  dry 
up  the  American  l\ill. 

To  fully  appreciate  the  advantag^es  of 
power  development  by  means  of  the  pro- 
posed dam.  as  compared  with  develop- 
ments at  other  points  aloncf  X'iag^ara 
River,  it  is  necessary  to  study  the  nature 
of  this  remarkable  stream  from  lake  to 
lake. 

Fall  of  the  River 

Xiag^ara,  perhaps  the  most  famous 
river  in  the  World,  is  the  only  natural 
outlet  of  the  Great  Lakes,  Superior, 
Michigan.  Huron,  and  Erie,  whose  com- 


(  )ntarii)  about  ciir  half  is  ni.'uK'  ;it  Xiai;- 
ara  b'alls.  aiul  tlu-  rem.'iinder  is  distrih 
uted  alouj;;  the  river  bccl,  mostly  al  tlu' 
three  great  series  of  rapids.  I'loni  Lake' 
I'.rie  to  the  I'^ills  the  len!L;th  of  the  river 
is  j_>  mill's,   from  the   halls  to  Lewislon 


Bridge  o^•ER  the  Rapids  Near  Whirlpool. 

bined  area  is  90.000  square  miles.  By 
a  course  36  miles  long  the  river  dis- 
charges the  outflow  of  the  four  upper 
lakes  into  Lake  Ontario,  and  falls  328 
feet  on  its  way.  It  may  thus  be  seen  that 
of  the  entire  descent  from  Lake  Erie  to 


Looking  Down  Stream  ikom  titk  Guicat  Whirlpool. 

is   7   miles,  and  another   7  miles  brings 
the  river  to  its  outlet  in  Lake  Ontario, 

The  mean  surface  elevation  of  Lake 
Erie  is  573  feet  above  tide  water,  and  the 
descent  of  Xiagara  River  to  the  foot  of 
the  Ealls  is  228  feet,  so  that  the  pool 
just  below  in  the  Gorge  is  345  feet  above 
tide  level.  At  Lewiston,  a  little  dow-n 
stream  from  the  foot  of  the  escarpment, 
the  river  level  is  245  feet  above  tide 
water,  or  substantially  that  of  Lake 
Ontario.  This  gives  Is^iagara  a  fall  of 
100  feet  between  the  foot  of  the  Cataract 
and  Lewiston. 

From  crest  to  foot  the  mean  height  of 
the    American    Fall    is    about 
165,    and    of    the    Horseshoe 
Fall  158  feet.    The  remainder 
of  the  drop  of  228  feet  be- 
tween Lake  Erie  level  and  the 
foot  of  the  Cataract  occurs  in 
the  rapids  of  the  upper  river, 
on  each  side  of  Goat  Island, 
and  in  its  quiet  stretch  from 
liuft'alo.     iMuch  of  the  descent 
of  the  lower  river  is  concen- 
trated   in    the    two    series    of 
fapids  that  extend  from  about 
a  mile  above  to  a  mile  below, 
the    Whirlpool,    wnth    a    total 
fall  of  about  80  feet.     At  its 
head   on   Lake   Erie   X^iagara 
River   is   about   2,500    feet    wide.      One 
mile  above  the   Falls  the   width   of  the 
river   is   approximately   5,000   feet,   and 
this  narrows  to  about  1,000  feet  at  the 
American  and  3,000  feet  at  the  Horse- 
shoe Falls. 


HOW   TO   SAVE   NIAGARA   FALLS 


1G3 


At  the  international  bridge  about  one- 
fourth  mile  below  the  American  Fall  the 
width  of  Niagara  River  is  close  to  i.ooo 
feet,  and  this  width  remains  nearly  the 
same  down  to  within  one-eighth  mile 
of  the  cantilever  railroad  bridge,  a  mile 
below.  Here  the  discharge  of  the  Great 
Lakes  is  forced  into  a  channel  only  400 


their  combined  area  of  •  90,000  square 
miles  runs  through  a  channel  of  solid 
rock  only  350  feet  wide. 

Having  passed  the  last  named  rapids 
the  descent  of  the  river  along  the  re- 
maining 2^  miles  of  its  course  to  Lew- 
iston  is  more  gradual  and  amounts  to 
only  about  20  feet.    After  reaching  Lew- 


ALONG  THE  NIAGARA  RAPIDS. 


feet  wide,  and  the  wild  plunge  along  the 
Whirlpool  Rapids  begins.  These  rapids 
carry  the  river  down  some  fifty  feet,  and 
after  circling  through  the  Whirlpool  the 
water  starts  on  another  descent  of  thirtv 
feet  over  a  mile  of  the  lower  rapids.  At 
a  point  about  midway  of  these  ra])ids  the 
outpour   of   the    four   upper    lakes   with 


iston,  the  head  of  navigation  whence 
steamers  sail  for  Toronto  and  other  lake 
ports,  Niagara  River  increases  to  one- 
half  mile  in  width  and  moves  quietly  on 
to  Lake  Ontario. 

With  its  striking  changes  in  width, 
from  more  thrfn  a  mile  at  some  points 
above  tjie  Falls    to    only    350    and    400 


1(>4 
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THE  WHlRLPcHL.  MAi.AKA   C,(jKi  ,!•.   AM)  (,KI.A  I    (,i  )K(  ,1,    KoUTE. 
View  taken  from  the  lines  of  the  International  Railway. 


feet  on  lonpf  stretches  below,  the  river 
shows  j^freat  variations  in  depth  as  well 
as  in  the  velocity  of  its  current.  Between 
Lake  Erie  and  the  I*"alls  the  deepest  part 
of  the  river  channel  runs  west  of  Grand 
Island,  east  of  Xavy  Island,  and  nearly 
coincides  with  the  point  of  jTreatest  reces- 
sion at  the  crest  of  the  Horseshoe  Falls. 
In  its  upper,  navie^ahle  portion  the  g^reat- 
est  depth  of  this  channel  is  about  20  feet, 
and  at  the  crest  of  Horseshoe  Falls  it  is 
known  to  be  as  much  as  16  feet,  because 
a  ship  drawing-  that  amount  of  water 
was  carried  over  the  Great  Cataract  by 
misadventure,  some  years  ago. 

In  contrast  with  this  moderate  depth 
of  water  in  the  upper  river,  the  pool  at 
the  foot  of  the  Falls  and  the  channel 
1. 000  feet  wide  that  extends  nearly  to  the 
cantilever  bridge,  a  mile  down  stream,  is 
200  feet  deep.  Along  this  part  of  the 
river  the  descent  and  current  are  compar- 
atively small.  Beneath  the  cantilever  and 
the  steel  arch  railway  bridges  the  river 
channel  narrows  to  half  its  width  above, 
decreases  in  depth  to  about  90  feet,  and 
the  water  begins  its  downward  rush  to 
the  Whirlpool.  In  that  mysterious  cal- 
dron whose  lesser  width  is  1.200  feet, 
and  whose  unknown  depth  is  estimated 


at  400  feet.  Niagara  River  cliangcs  its 
direction  of  ilow  by  ninety  degrees,  and 
then  starts  on  its  descent  along  the  lower 
rapids. 

The  rapids  above  the  Whirlpool  where 
the  descent  is  most  precipitous  have  an 
estimated  depth  of  only  forty  feet,  and' 
the  depth  of  water  in  those  below  the 
Whirlpool  is  thought  to  be  60  feet.  By 
the  time  the  river  passes  Lewiston  and 
Oueenston  the  depth  of  water  is  again 
as  much  as  100  feet,  and  this  is  main- 
tained to  its  mouth  on  Lake  Ontario. 
Along  the  entire  seven  miles  of  Niagara 
Gorge  from  the  Falls  to  Lewiston  rise 
the  continuous  and  often  perpendicular 
walls  of  limestone  and  shale,  fully  two 
hundred  feet  high,  that  might  easily  form 
the  sides  of  a  great  storage  reservoir.  Tn 
the  seven  miles  of  gorge  from  the  Falls 
to  the  Escarpment  there  are  only  two  im- 
portant indentations  of  its  rocky  sides. 
One  of  these  is  the  Whirlpool  and  its 
Ravine,  and  the  other  is  the  Devil's  Hole, 
a  smaller  ravine,  on  the  New  York  side, 
where  the  Seneca  Indians  ambushed  and 
massacred  a  British  supply  train,  in 
1763.  In  both  of  these  ravines  the  sides 
■  rise  rapidly  to  the  level  of  the  top  of 
the  -Gorge,  and  they  simply  add  a  little 


HOJV   TO   SAFE   NIAGARA   FALLS 


165 


to  the  capacity  of  the  reservoir  that  might 
be  created  by  a  dam  between  Lewiston 
and  Oueenston. 

Variation  in  Head 

Such  a  storage  reservoir  is  the  one 
thing  needed  to  make  Niagara  an  ideal 
power  stream,  by  maintaining  a  prac- 
ticaUy  constant  head  of  water  for  the 
wheels  of  generating  stations.  Strange 
as  it  may  seem,  the  heads  of  water  now 
available  at  plants  that  draw  their  sup- 
plies from  the  upper  river  and  discharge 
them  at  the  foot  of  or  a  little  below  the 
Falls  are  subject  to  rather  large  fluctu- 
ations. These  changes  in  heads  of  water 
of  course  affect  the  capacity  of  each  pair 
of  wheels,  besides  making  necessary  a 
large  range  of  regulation  to  maintain 
constant  speeds. 

A  number  of  causes  contribute  to 
changes  in  both  the  head  and  volume  of 
Niagara  water  about  the  Falls.  Lake 
Erie  is  very  shallow  in  comparison  with 
the  other  four  Great  Lakes,  having  a 
maximum  depth  of  only  about  84  feet, 
and  a  strong  east  or  west  wind  piles  up 
its  waters  in  one  end  while  lowering  them 
at  the  other.  Apart  from  the  action  of 
the  wind,  the  water  level  at  the  east  end 
of   Lake   Erie   where   it   flows   into   the 


Niagara  River  has  a  variation  of  four 
feet.  The  East  wind  is  known  to  lower 
the  lake  at  the  head  of  Niagara  River 
as  much  as  seven  feet,  and  a  west  wind 
has  at  times  an  equal  though  opposite 
effect.  Wind  alone  may  thus  produce 
a  very  large  increase  or  decrease  in  the 
height  and  volume  of  Niagara  River 
above  the  Falls.  If  the  seven  feet  re- 
duction in  lake  level,  due  to  an  east 
wind,  haj^pens  to  coincide  in  time  with 
the  four  feet  reduction  brought  about  by 
other  causes,  the  water  level  at  the  head 
of  Niagara  River  may  be  lowered  eleven 
feet.  As  the  deepest  part  of  the  Niagara 
channel  near  the  Lake  is  only  about  20 
feet,  it  seems  that  the  normal  discharge 
of  water  may  at  times  be  increased  or 
decreased  fully  one-half. 

The  possibility  of  extreme  fluctuations 
in  the  discharge  of  Niagara  River  is 
illustrated  by  the  fact  that  within  the 
memory  of  living  men  the  American 
Falls  has  been  entirely  dried  up  during 
a  strong  east  wind,  so  that  one  might 
walk  across  the  bed  of  the  river  from  the 
New  York  Bank  to  Goat  Island.  An- 
other cause  serves  to  multiply  any 
changes  in  the  head  of  water  between 
the  crest  and  foot  of  the  Falls,  due  to  the 
Lake   Erie   level,   and   that   is  the   great 


SUSPENSION  BRIDGE  OF  THE  INTERNATIONAL  RAILWAY,  AT  LEWISTON  AND  QUEENSTON  - 

The  Niagara  Belt  Line. 
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difference  in  wiilth  l)ct\vcin  tlu-  upiui 
river  ami  that  in  the  (\ox^c  Ulow  tlu- 
Cataract.  With  the  river  nioro  than 
5.01111  feet  wide  Utween  Niaj^ara  I'alls 
a-  wcr  end  i»t  llrand  Islaiul.  four 

It  .1-.  ami  only  ahout    i.uh)  feet 

wide  \u  iIk"  hrst  mile  of  the  (iori;e.  it 
nnjiht  Ik-  exiK-ctetl  that  the  latter  w.'ul.l 
show  the  greater  changes  in  water  level. 
This  lendency  is  all  the  more  marked 
l>ecause  the  river  channel  after  reaching 
ihe  cantilever  hridges  narrows  to  a  width 
of  only  alxnit  400  feet  for  the  greater 
jKirt  of  several  miles. 

S|H-aking    a|>i)roximately.    it    may    l.e 
said  that  changes  of  river  level  are  tive 
times  as  great  in  the  upper  i)art  of  the 
Ciorgc  as  they  are  ahtne  the  I'alls.  .\t  Tort 
Dav.  alwut  one  mile  ahove  the  Ameri- 
can I-'alls.  on  the  New  York  hank  of  the 
river,  gauge   readings  since    1886  show 
a   maxinium   water   level  of   565   and   a 
minimum  of  557.4  feet  ahove  tide,  a  vari- 
ation of  7.6  feet.     At  the  approximate 
ratio  of  five  to  one.  this  change  of  level 
in    the    ui)per    river    corresponds    to    38 
feet  in  the  Ciorge.    During  a  single  week 
of  1897.  the  water  level  at  the  Maid  of 
the   Mist  lan<ling  in  the   Gorge  varied 
hetween  334  and  361.7  feet  above  tide. 
a  change  of  27.7  feet.     Power  plants  that 
<lepend  on  Niagara  Falls  for  their  opcr^ 
ating  heads  of  water  are  necessarily  sub- 
ject to  these  changes,  unless  a  large  per- 
centage of  the  total  possible  head  is  lost. 
The  importance  of  this  loss  may  be 
seen   from   the   fact  that  at  one  of  the 
great  Niagara  power  plants  the  head  of 
water  regidarly   used   on   the  wheels  is 
only    136   feet.'  while  the   fall   from  the 
point  on  the  upper  river  where  the  water 
is   diverted   to   the   point    in   the   gorge 
where  it  is  discharged  is  fully  216  feet. 

Advantages  of  a  Dam 
With  a  dam  across  Niagara  River  be- 
tween Lewiston  an'd  Queenston,  and  a 
reservoir  six  miles  long  and  reaching  to 
the  cantilever  bridge  behind  it.  plants 
taking  water  from  the  dam  would  op- 
erate with  a  substantially  constant  head. 
To  connect  such  plants  with  the  dam 
only  short  steel  pipes  would  be  necessary, 
and  the  cost  of  the  entire  development 
per  horse  power  would  be  very  mod- 
erate. The  water  head  of  100  feet  at  this 
proposed  dam  is  only  two-thirds  of  that 


ulucli    i>   available   most    ot'   llir    time   at 
the  I'alls.  but  on  the  other  hand  the  vol 
ume  of  water  passing  the  dam  is  eciual 
to    the    entire    discharge    over    both    tlu 
American  and  the  Hor.seshoe  Falls. 

With  the  nonnal  <lischarge  of  Niagara 
River,   which    is   222.000  cubic   feet   per 
second,  falling  lOO  feit.  the  i^ross  horse 
power    developed     would     be    2.5()(),(){)(). 
Making  liberal  allowances  for  losses  of 
head  in  the  penstocks  and  tailraces,  and 
assuming  only  a  fair  efficiency  for  water 
wheels  and  electric  generators,  fully  60 
I)er  cent   of   this   2,5CX).ooo   gro.ss  horse 
l)ower.   or    1,500,000.   could   be   continu- 
ously generated  at  the  proposed  dam  in 
the  form  of  electric  current,     'ibis  out- 
])ut  is  about  two  and  one-half  times  the 
actual  and  ])ropo.sed  capacities  of  all  the 
hvdro-electric   i)lants   now  com])leted   or 
under  construction  about  Niagara   l-'alls, 
and  is  six  or  seven  times  the  combined 
capacity  of  all  the  electric  generators  now 
ready  to  operate  at  the  Falls. 

For  this  great  addition  to  the  avail- 
able power  of  Niagara  River,  sufficient 
]XThaps  to  meet  all  demands  during  at 
least  another  century,  it  would  not  be 
necessary  to  divert  one  drop  from  the 
volume  or  detract  one  inch  from  the 
height  of  the  Great  Cataract.  Neither 
would  the  existing  power  plants  or  those 
under  construction  sufifer  injury  by  back 
water  from  the  dam  at  Lewiston.  for  it  is 
not  proposed  to  raise  the  water  level  in 
that  part  of  the  Gorge  which  is  just  be- 
low' the  Falls. 

Effect  on  the  Rapids 

In  the  lower  Gorge,  between  the 
Whirlpool  and  Lewaston,  the  rapids 
would  no  doubt  be  reduced  to  smooth 
water  by  a  dam  that  raised  the  river 
level  100  feet  at  the  latter  point.  As 
the  estimated  depth  of  the  Whirlpool  is 
now^  400  feet,  the  approximately  50  feet 
of  rise  in  the  water  level  there  which 
would  be  caused  by  such  a  dam  would 
probably  change  its  appearance  but 
little.  In  the  rapids  above  the  WHiirl- 
pool,  where  the  estimated  depth  is  now 
only  40  feet,  there  might  still  be  some 
rough  water  "after  the  dam  was  erected, 
but  their  grandeur  would  ccrtainlv  be 
buried.  Having  in  view  the  determined 
efforts  that  are  being  made  to  divert 
more  and  more  water  from  the  upper 
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river,  it  is  not  perhaps  too  much  to  say 
that  a  surrender  of  the  rapids  for  indus- 
trial purposes  is  the  price  that  must  be 
paid  in  order  to  save  the  Falls.  With  the 
great  power  development  suggested  at 
Lewiston,  there  could  be  offered  no  valid 
reason  for  further  diversion  of  water 
above  the  Falls. 

Though  the  above  suggestions  cover  a 
dam  at  Lewiston  and  Queenston  that 
would  raise  the  water  level  there  lOO 
feet,  and  would  drown  the  rapids  both 
below  and  above  the  Whirlpool, 
it  is  not  perhaps  necessary  to 
push  the  development  to  this  ex- 
tent. Instead,  there  might  be 
erected  at  Lewiston  a  dam  that 
would  raise  the  river  level  there 
only  50  feet,  and  this  would  set 
the  water  back  to  the  Whirlpool, 
but  would  leave  the  great  series 
of  rapids  above  it  untouched. 
Even  this  smaller  development 
at  Lewiston  would  have  a  power 
capacity  25  per  cent  greater  than 
that  of  all  the  plants  now  oper- 
ating and  under  construction  at 
the  Falls.  In  other  words,  a 
dam  that  raised  the  water  level 
50  feet  at  Lewiston  would  pro- 
vide for  the  operation  there  of 
electric  stations  with  a  generating 
capacity  of  750,000  horse  power. 
Even  with  the  head  of  50  feet,  or  about 
one  third  of  that  obtainable  at  the  Falls, 
the  cost  per  horse  power  capacity  of  the 
proposed  development  at  Lewiston  would 
probably  be  no  greater  than  that  of  ad- 
ditional wheel  pits,  tunnels,  and  generat- 
ing stations  about  the  Cataract  above. 


The  dam  itself,  which  might  be  located 
just  up  stream  from  the  suspension 
bridge  between  Lewiston  and  Queenston, 
would  be  an  expensive  structure  because 
of  its  depth  below  the  present  river  level, 
which  would  probably  be  something  more 
than  100  feet  in  the  center  of  the  chan- 
nel. On  the  other  hand,  the  short  length 
of  the  dam  —  only  700  or  800  feet  — 
would  give  it  a  much  smaller  mass  of 
masonry  than  some  that  have  been  built 
elsewhere ;  and  it  is  safe  to  say  that  the 


Gorge  at  the  International  Railway  Bridge  One-Quarter 

Mile  Below  American  Falls. 

The  Proposed  Dam  Would  not  Raise  the  Water  Level  Here. 


power  made  available  would  be  several 
times  greater  than  that  at  any  other  dam 
in  the  world,  per  cubic  yard  of 
masonry. 

Before  granting  further  rights  for  the 
diversion  of  water  above  the  Falls,  New 
York  and  Canadian  legislators  would  do 
well  to  cast  their  eyes  to  the  possibilities 
down  stream. 
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VLM-^  «iul  Divintf  Apparatus.  Ancient  and  Modern 
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IT  is  extraordinary  how  slowly  inven- 
tion has  nunici  in  rctrard  to  appa- 
:ntns  for  ilivintj.  ami  the  more  ex- 
trat>r«linary  InHause  from  the  very 
dawn  of  history  cflPorts  have  heen  made 
to  go  down  into  the  depths  of  the  sea. 

Field  for  Invention 

A  prcat  op|>ortunity  lies  before  the  in- 
ventor. In  spite  of  the  centuries  of  ef- 
fort, in  spite  i»f  the  advent  of  steam  and 
of  electricitv.  onlv    the    shallowest    dis- 


A  School  for  Divers. 

Here  men  are  trained  to  patch  battleships  damaged  with  shot  or  shell  under 

watgr,  to  recover  torpedoes,  to  scrape  bottoms  of  ships  to 

increase  speed,  to  lay  submarine  mines,  etc. 

tances  can  be  reached,  and  the  real  depths 
of  the  ocean  it  is  impossible  for  the  diver 
to  explore.  At  20  feet  the  pressure  to 
the  square  inch  is  8>4  pounds  above  at- 
mospheric pressure,  and  it  increases  at 
the  rate  of  4^4  pounds  for  every  ten  feet : 
75  feet  is  deep ;  at  100  feet  strong  men 
become  feeble  and  it  is  difficult  to 
breathe ;  the  deepest  that  any  diver 
ever  went  was  204  feet,  and  even  that 
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mail.  James  Hooper,  exceptional  in  en- 
(luranee  though  he  was.  was  able  to  re- 
main at  work  but  a  few  minutes  at  a 
time,  ior  the  i)ressure  at  that  deptli  is 
8S':.  jxhukIs  above  that  of  the  atmos- 
phere on  every  stpiarc  inch  of  the  body. 
There  is,  therefore,  a  splendid  opi)or- 
tunitv  for  .some  inventor.  It  is  idle  to  say 
that,  as  the  dei)th  increases,  the  i)ressure 
also  increases  in  such  a  degree  that  it 
will  always  be  impossible  for  men  to 
work  at  really  great  depths.  The  diffi- 
culty is  the  very  essence 
of  the  situation.  Some 
dav,  an  inventor  will  hit 
upon  such  an  idea  for 
an  apjiaratus  as  will  en- 
al)le  a  diver  to  work 
u])on  a  wreck  at  a  mile 
below  the  surface  as 
easilv  as  if  it  were  l)ut 
fifty'  feet;  some  day, 
secrets  of  science  will  be 
unfolded  by  the  diver's 
aid,  and  the  mineral 
wealth  of  the  ocean  will 
be  explored. 

Divers  in  Ancient  Times 

Ancient  writers  often 
tell    of   divers.      At    the 
siege  of  Syracuse,  says 
T  h  u  c  y  d  1  d  e  s,   divers 
sawed  apart  the  barriers 
which   had   been   placed 
to   obstruct  the  passage 
of  the  Greek-  ships ;  and  this  was  only 
one  of  the  many  cases  in  which  the  serv- 
ices of  divers  w'ere  valued  and  used  by 
the  ancients. 

It  was  early  seen,  however,  how^  valu- 
able an  aid  some  kind  of  apparatus  would 
be.  A  rather  indistinct  account,  indeed, 
points  to  the  apparent  fact  that  Alexan- 
der the  Great  once  descended  into  the 
water,  by  the  aid  of  some  kind  of  ma- 
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chine  which  had  the  power  of  keeping 
a  man  dry. 

Phny  tells  of  divers  maintaining  them- 
selves under  water  by  the  aid  of  long 
tubes  held  in  the  mouth,  and  by  using 
kettles  or  bladder-shaped  vessels ;  and  it 
is  probable  that  some  simple  apparatus 
was  used  by  the  divers  wdth  whom  An- 
tony and  Cleopatra  played  their  merry 
game — when  Antony,  to  show  his  skill 
as  a  fisherman  in  the  presence  of  the  fair 
Egyptian,  sent  down  a  diver  to  fasten  to 
his  hook  a  mightv  fish ;  which  trick  Cleo- 


vented  before  the  time  usually  assigned 
for  the  beginning  of  the  operations  of 
equipped  divers. 

Seeking  Treasure  Ships 

For  one  of  the  most  remarkable  cases 
in  which  divers  have  sought  for  treasure 
is  that  of  the  great  treasure  ship  of  the 
Spanish  Armada,  sunk  three  hundred 
years  ago  ofif  the  Isle  of  Mull,  the  prop- 
erty of  the  Duke  of  Argyll.  Shortly  after 
the  wrecking,  divers  were  set  to  work, 
under  Argyll's  directions,  to  attempt  to 


GREEK  SPONGE-DIVERS  WITH  THEIR  ENGLISH  INSTRUCTORS 
View  taken  at  Famagusta,  Cyprus. 


patra  perceiving,  but  saying  nothing,  she 
sent  down  another  diver,  who  tied  to  An- 
tony's hook  a  fish  that  was  dressed  and 
salted. 

Charles  V.  and  thousands  of  other 
spectators  once  saw  two  men  go  under 
the  water  with  lighted  candles  ;  and  from 
time  to  time  through  the  Middle  Ages, 
plans  were  evolved  for  keeping  water- 
armored  men  beneath  the  sea. 

And  within  a  few  weeks  past  there  has 
come  news  from  the  coast  of  Scotland 
which  brings  to  mind  other  apparatus  in- 


find  the  treasure,  and  the  divers  were 
equipped  with  a  rude  apparatus  which 
enabled  them  to  do  much  more  than  they 
could  have  accomplished  unaided.  The 
efi^ort  was  vain,  but,  ever  since,  succes- 
sive dukes  have  made  successive  attempts, 
and  have  spent  huge  sums  in  the  effort 
to  recover  the  treasure.  And,  now,  at 
length,  the  search  which  has  continued 
for  more  than  two  centuries  promises 
success,  for  the  long-wrecked  ship  has 
been  precisely  located  and  it  is  expected 
that  the  rich  reward  will  soon  be  in  hand. 


ITO 
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Ami  thnt  there  arc  always  such  pos 
sihiUtics — |K>ssihihtics  of  romance  aiul 
wealth  in  the  work  of  the  (Hver — is 
further  >hown  l>y  tlie  won«lerful  case  of 
Sir  W  ilhain  Phipps.  a  hul  of  Maine,  who» 
one  of  twenty-six  chiMrcn  hy  the  sanie 
parents.  <lid  \\o\  learn  to  read  ami  write 
till  y-\<\  \\ye  nije  of  twenty-one.  hut  who, 
V,  •«•  than  thirty,  went  to 

I  ;Iie  contract  to  fuul  the 

treasure  in  a  ."^iKinish  ship  sunk  olT  the 
Ualiania$.  and  recovcre«I  fr.  >m  it  a  million 


that  ilivrrs  were  sent  to  the  spot  to  re- 
eo\rr  the  treasure.  The  slii]»  lay  at  the 
iKpth  of  i(k)  feet,  making;'  it  a  work  of 
extreme  difliculty  and  hazard,  hut  day 
after  day  the  divers  lahored,  takiuj;  up 
hox  after  hox  throui^h  which  the  sea- 
worms  had  already  hored  their  tiny  holes, 
until  four-fifths  of  the  p)ld  was  recov- 
end.  Then,  one  day.  a  Jk-et  of  pirate 
junks  hore  down  upon  them,  and  it  was 
oidy  hy  the  i-xertion  of  the  most  tre- 
mendous eltorts  liiat  the  ])arty  escaped 


A  IJlVbK  DESCENDING. 
Dock  scene  in  Barbadoes.  British  West  Indies.— These  handy  men  repair  vessels,  l%y  stone  under  water, 

examine  sunken  bulls,  etc. 


and  a  half  dollars,  of  which  a  larj^e  j)art 
was  his  own  reward,  with  the  additional 
rewarrl  of  knighthood  and  high  advance- 
ment ! 

Ships  there  are.  so  belief  and  tradition 
have  it.  lost  with  mighty  treasure,  in  the 
early  days  in  the  waters  around  Xew 
York,  and  search  has  often  been  made 
by  divers  for  a  Captain  Kidd  ship  in  the 
North  River. 

It  was  but  a  few  years  ago  that  a  ship 
with  a  quarter  of  a  million  dollars  in  gold 
was  sunk  not  far  from   Shanghai,  and 


with  what  they  had  already  recovered. 
And  afterwards  they  returned,  and  com- 
pleted the  job.  and  took  out  the  very 
last  box  of  gold  !  Trulv,  the  age  of  ro- 
mance is  still  with  us. 

The  Diving  Bell 

It  was  nearly'  200  years  ago  that  Ed- 
mund Halley  constructed  what  is  often 
referred  to  as  the  first  diving  bell,  al- 
though the  apparatus  must  have  been 
much  like  that  which  was  used  in  the 
presence  of  Charles  V. 
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The  principle  of  tlie  divino-  bell  is  sim- 
ple. An  inverted  jar,  sunk  in  the  water, 
retanis  air  at  its  top ;  and  if  there  is 
enough  air  men  may  live  and  breathe 
and  work  there,  and  keep  dry. 

Dr.  Hailey's  diving  bell  was  a  large 
wooden  chamber,  open  at  the  bottom,  and 
loaded  there  with  lead  to  prevent  it  from 
turning  in  the  water.  Pieces  of  glass 
set  in  the  roof  furnished  light.  Air  was 
supplied  by  an  ingenious  method ;  for 
leaded  casks,  full  of  air,  were  sent  down, 
bung  downward.  Tipping  the  barrel, 
water  would  rush  into  it,  and  drive  out 
the  air  to  the  man  in  the  bell  chamber. 

At  the  depth  of  33  feet,  the  air  is  com- 
pressed to  half  its  former  bulk,  and  the 
bell  is  therefore,  at  that  depth,  half  filled 
with  water;  and  as  the  depth  increases 
so  do  the  compression  and  the  pressure. 

Already  it  has  come  that  diving  bells 
are  seldom  used,  especially  on  this  side 
of  the  Atlantic.  But  the  form  now  used, 
when  the  bell  is  used  at  all,  is  practically 
the  same  as    designed    bv    an    engineer 


Latest  Pattern  Diving  Helmet. 

Equipped  with  telephone  and  electric  light  for 

sub-aqueous  work. 

named  Smeaton  near  the  close  of  the 
eighteenth  century.  It  is  square-shaped, 
of  cast  iron,  and  sinks  by  its  own  weight. 
In  height  and  length  it  is  usually  between 
4  and  5  feet,  and  somewhat  less  in  width. 
Air  is  pumped  in  through  a  hose  reaching 
to  the  surface,  furnished  with  a  strong 


valve  opening  only  downwards,  thus 
obviating  the  otherwise  attendant  danger 
of  the  air  escaping  upwards  should  there 
be  a  cessation  of  the  pumped-in  current. 
The  lifting  chain  hangs  from  the  center. 
Divers  have  been  known  to  sleep  in 
the  bells,  and  once  four  divers  were  in- 
terrupted in  a  card  game  there.    The  bot- 


Rear  View  of  Diver's  Helmet. 

tom  is  of  course  open,  and  there  are  seats 
on  the  sides  for  the  men. 

Curious  experiments  have  been  con- 
ducted in  the  bells.  At  the  Forth  Bridge, 
a  diver  opened  a  bottle  of  soda  water 
far  below^  the  surface.  It  was  "flat,"  the 
pressure  outside  being  at  least  as  great 
as  in.  The  bottle  was  then  filled  with 
air,  corked,  and  taken  to  the  surface — ■ 
where  it  immediately  exploded. 

So  different  is  the  air  at  a  depth,  that 
Brunei,  in  building  the  Thames  Tunnel, 
found  that  by  filling  his  lungs  with  air 
in  the  submerged  bell,  he  could  leave  it, 
to  explore  further,  and,  at  thirty  feet 
depth,  could  remain  twice  as  long  with- 
out again  breathing  as  if  he  had  filled  his 
lungs  with  air  at  ordinary  atmospheric 
pressure. 

It  is  a  distinct  loss  of  efficiency  that 
the  bell  has  been  so  displaced  by  the  div- 
ing suit,  and  some  inventor  will  assuredly 
find  some  method  of  combining  the  work 
of  the  two,  for  in  their  combination  lies 
the  greatest  possibilities. 

Ilalley,  a  most  remarkable  discoverer 
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anil  inventor,  a  man  whose  acii\  itics  car- 
ried him  throus:h  astronomy,  mathemat- 
ics, and  mcclianics.  who  rivalled  Xewton. 
who  traveled  alx)Ut  the  world,  surveyincr 
shores  and  studyincf  tides  and  monsoons, 
was  not  content  with  divin.c^-bcll  achieve- 
ment, but  set  himself  to  the  making  of 
a  divinp  suit  with  which  a  diver  could 
leave  tl>e  bell  at  will  and  similarly  re- 
turn to  it.  He  did  not.  however,  win 
success  in  this. 

The  Diving  Dress 

In  1798  Kleingert  of  Breslau  made  an 
egp-shaped  cylinder  to  enclose  the  head 
and  upper  part  of  the  body,  with  holes 
for  the  thrusting  through  of  the  arms, 
but  it  was  not  till  about  1820  that  Au- 
gustus Siebe  made  the  first  practical  suc- 
cess, with  a  suit.  He  made  what  is 
known  as  the  "open"  dress,  with  helmet 
luuch  like  that  of  to-day.  with  waterproof 
jacket,  and  with  trousers  up  to  the  arm- 
pits. Air  was  pumped  to  the  diver,  and 
it  worked  out  between  jacket  and  trous- 
ers. But  it  was  imperative  that  the  diver 
remain  erect,  or  nearly  so.  for  otherwise 
he  would  drown  from  the  inrush  of 
water. 

About  1830  Siebe  so  perfected  his  own 
device  as  to  make  what  is,  except  in  a 
few  minor  details,  the  same  suit  as  is 
used  to-dav.     It  is  known  as  the  "close" 


dress,  and  is  nmre  t^r  loss  filled  with  air 
throii^himt. 

'l"he  diver  wears  a  great  luluul  (»f  cop- 
l.er.  and  looks  out  through  glass  lights 
protected  by  wire,  at  the  front  and  sides. 
The  helmet  is  fastened  into  a  collar  of 
copper:  and  a  suit  of  water-proof  can- 
vas and  rubber,  in  one  undivided  piece, 
reaches  from  neck  to  feet,  with  a  band 
of  high-grade  rubber  at  the  top,  where 
it  is  clasped  into  the  collar  of  the  helmet, 
and  strong  rubber  bands  at  ankles  and 
wrists. 

'llie  diver  may  walk,  or  .«;tand,  or  lie 
down,  with  ])erfect  safety.  His  shoes 
were  formerly  of  leather,  but  are  now 
heavilv  soled  with  lead,  or  preferably,  are 
>andais  of  lead  or  iron. 

The  helmet  weighs  some  80  pounds  ; 
the  shoes  30;  the  dress  itself  15  ;  and  the 
pair  of  weights,  adjusted  at  the  w^aist  or 
over  the  shoulders,  from  35  to  80  pounds 
or  more,  according  to  the  depth  to  which 
he  is  to  descend.  A  valve  allows  the  es- 
ca]ie  of  superfluous  air  into  the  water, 
and  the  progress  of  the  diver  may  be  fol- 
lowed by  the  bubbles  rising  to  the  sur- 
face. Until  some  forty  years  ago  the  air 
escaped  at  the  wrists. 

Mittens,  clasped  to  the  dress,  are  used 
in  cold  water,  and  often  the  diver  wears 
an  undersuit  of  heavv  flannel.   A  knife  is 
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DEEP   SEA    Diri.XG 


173 


carried  in  a  water-tight  sheath,  and  often 
the  diver  carries  other  tools  as  well. 

A  two-inch  life  line  connects  him  with 
the  surface,  and  air  is  pumped  into  the 
helmet  through  a  hose  of  canvas  and 
rubber  strengthened  by  imbedded  wire. 
The  air  is  cooled  by  fresh  water  poured 
into  a  copper  tank  in  the  bottom  of  the 
tank. 

Precautions  for  Safety 

The  diver's  life  depends  upon  the  in- 
telligence of  the  man  or  men  at  the  top 
(there  is  usually  a  crew  of  at  least  two 
helpers,  and  often  more),  where  unre- 
mitting watch .  must  be 
kept  on  line  and  hose,  to  note  ^<.m,m* 

the  slightest  pull  or  indica- 
tion. A  gauge,  placed  upon  the  front  of 
the  air  pump,  changes  as  the  depth  of  the 
diver  changes,  and  enables  the  air  pres- 
sure to  be  adjusted  accordingly.  An 
automatic  escape  valve,  in  the  helmet,  as- 
sists in  the  regulation  of  pressure. 

Another  automatic  valve,  the.  safety  in- 
let valve,  springs  shut  the  moment  that 
the  air  hose  is  cut,  and  holds  in  the  hel- 
met the  air  already  there,  thus  enabling 
the  diver  to  live  till  he  can  get  to  the 
surface  if  he  can  get  up  very  quickly. 
Curious  though  it  seems  the  danger  is 
therefore  that  of  smothering  instead  of 
drowning.  When  the  supply  of  air  stops, 
the  head  feels  frightfully  crushed. 
Divers  estimate,  that  if  a  man  is  not  over 
60  feet  down,  and  can  be  brought  up  in 
not  more  than  a  minute  and  a  half,  his 
life  should  be  saved. 

It  is  not  always  that  the  diver  himself 
knows  what  has  taken  place.  One,  when 
the  air  hose  broke,  was  drawn  up  to  the 
top  so  swiftly,  that,  through  the  expan- 
sion of  air  in  the  helmet,  he  did  not  no- 
tice a  shortage  of  supply.  When  un- 
helmeted,  and  still  unconscious  of  the 
peril  he  had  escaped,  he  cried  out  im- 
patiently at  the  hasty  way  in  which  he 
had  been  dragged  up. 

Another  diver,  discovering  that  the 
hose  had  been  broken,  cast  off  shoes  and 
weights  and  rose — rose  so  swiftly,  that, 
striking  against  the  bottom  of  the  boat, 
the  helmet  collar  was  driven  against  his 
neck  so  forcibly  as  to  kill  him. 

A  "tender"  should  constantly  hold  the 
life  line  in  one  hand,  and  the  air  hose  in 
the  other,  and  by  experience  he  can  judge 


what  is  happening.  There  is,  too,  a  reg- 
ular code  of  signals  ;  and  three  jerks  upon 
the  life  line  mean  desperate  peril  and  an 
appeal  to  be  drawn  up  instantly. 

Diving,  with  proper  safeguards,  is  not 
now  considered  a  dangerous  occupation, 
for  fatalities  are  few  under  careful  con- 
ditions and  when  the  men  are  not  worked 
for  too  many  hours  at  a  time.  A  day  of 
from  3  to  6  hours  is  a  safe  average,  and 
for  that  many  hours  on  duty  a  diver  may 


AiR-PuMP  FOR  Supplying  Air  to  Divers. 

This  apparatus  will  supply  air  for  two  men  working 

simultaneously  in  depths  down  to  a  hundred 

feet,  or  one  diver  in  still  greater  depths. 


earn  from  $5  to  $35,  according  to  the 
depth  at  wdiich  he  works  and  other  condi- 
tions. 

With  careless  or  brutal  employers,  as 
in  some  of  the  half-civilized  regions,  it 
is  different.  The  mortality  among  the 
^lediterranean  sponge  divers  is  frightful, 
from  60  to  100  dying  annually. 

At  the  Eads  Bridge,  at  St.  Louis,  where 
conditions  were  difficult  and  the  depth 
great — 110^/2  feet — out  of  352  men  it  is 
said  there  were  ten  fatalities ;  but  that 
was  exceptional,  for  America. 

Not  every  man  can  safely  be  a  diver. 
The  work  is  not  for  men  of  full  habit  of 
body,  or  those  who  suffer  from  headache, 
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<lrafn<";«!.  [>a!pitation  of    the    heart.    i>r 

'  M.  nor  is  it  lor  the  iii- 

t,  men  bleed  at  the  nosi- 

anil  cars.  Some  sutVer  {greatly  alM)ut  the 

(.\<v       s.iin.-   ;iii'   tiaMi'   III  i>;ira!\>is:   aiul 


PomoH  or  *  M»»r«w'!»  ^<»"'it»T.  Caupkntkhs  Mallkt, 

«v     ■"  ■"           Cmss. 

Recovered    t-  ignr  Mown  up  ar.d 

»v.  ;.  iiiKll. 


this  may  ixi<i  .riiack  the  1)cst    and    the 
strongest  if  he  dives  when  in  jxior  health. 

Some  Divintf  Accidents 

A  sirantje  fatality  occurred  a  year  ago 
at  a  dam  at  lUxmton.  New  Jersey.  A 
diver,  working  on  an  outlet,  was  sucked 
into  the  gateway,  and  no  exertion  of 
strength  could  release  him.  so  terrible 
was  the  current.  As  soon  as  danger  was 
suspected  another  diver.  Bundick.  went 
1  to  him.  Hut  the  most  desperate 
:>  were  unsuccessful.  The  gate 
coulil  not  be  closed,  there  being  no  du- 
plicate set  to  relieve  the  pressure.  Crowds 
gathered  at  the  surface.  Xew  York  pa- 
pers, in  edition  after  edition,  gave  news 
of  the  agonizing  struggle.  For  eight 
hours  the  man  lived,  but  for  two  days  it 
was  impossible  even  to  recover  the  body. 
Bundick.  one  of  the  most  experienced  of 
Xew  York  divers,  had  recently  been  ill, 
and  he  suffered  facial  paralysis  as  the 
result  of  his  long-continued  efforts  to 
rescue  his  companion. 

It  was  at  an  English  lock  that  a  diver 
was  working  at  massive  gates,  when  a 
current,  caused  by  the  shutting  of  the 
gates  for  his  inspection,  sucked  him  off 
his  feet  and  he  felt  himself  being  drawn 
between  the  smooth  gates,  with  nothing 
at  which  to  grasp.  And  with  the  shutting, 
his  air  hose  and  life  line  would  be  cut  as 
with  a  knife!  But,  in  a  flash,  came  in- 
spiration.    As  he  was  swept  through,  he 


took  his  hamnuT  ;in<l  hi-ld  tlio  iron  lioad 
l)etween  the  cli)sing  gates,  and  liung 
there,  lie  dareil  not  signal  to  be  drawn 
up.  for  to  tug  at  him  wovdd  mean  death. 
i'.ut  the  men  above  (|uickly  realized  that 
.something  was  the  matter,  and  llu'v 
swung  the  gales  t)]Kn  ai^ain.  and  not  till 
then  <!id  they  slowly  draw  tlu'  diver  to 
the  surface  and  to  safet\. 

.At  an  .\meriean  dam.  at  llolyoki',  a 
veteran  of  seventy  years  lost  his  life 
through  the  bre.aking  of  the  air-pipe,  and 
his  body  was  drawn  under  timbers  and 
neveV  found.  !^onie  Longfellow  of  the 
future,  hearing  of  the  finding  of  the  liel- 
meted  skeleton,  may  write  anew  of  the 
Skeleton  in  Armor. 

Diving  in  Naval  Work 

The  navies  oi  the  world  have  taken  up 
the  use  of  diving  a])paratus,  for  the  re- 
{lair  of  warships  and  for  general  useful- 
ness in  regard  to  submarine  mines  and 
other  work.  Every  w^arship,  nowadays, 
in  every  navy,  carries  at  least  one  diver, 
and  some  of  the  larger  l>ritish  ships  carry 
eight.  An  American  writer,  reccnth' 
making  some  investigations  in  an  African 
harbor,  for  a  magazine  article,  was  of- 
fered the  aid  of  divers  from  two  Greek 
warships  at  anchor  there. 

The  British  government  conducts  three 
schools  for  the  instruction  of  divers  for 


Carpenter's  Plane  Recovered  from  Wreck  or  a  Ship 
OK  THE  Spanish  Armada  Sunk  in  Vigo  Bay,  Spain. 


its  navy,  and  each  diver  must  be  prepared 
to  work  at  the  depth  of  120  feet.  These 
schools  teach  the  most  advanced  ideas, 
such  as  the  Morse  code  for  line  signal- 
ing, and  the  use  of  the  telephone. 

Xo  special  mouthpiece  is  needed,  by 
the  telephoning  diver,  the  helmet  itself 
acting  as  a  sounding  board  to  convey  vi- 
brations.    Xot  onlv  can  divers  talk  with 
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the  crew  at  the  surface,  but  several  may 
arrange  to  talk  with  one  another  at  the 
sea  bottom. 

Divers  in  general  have  been  slow  to 
adopt  the  telephone  ;  their  objection  be- 
ing that  an  additional  line  means  an  ad- 
ditional danger  from  tangling.  But  the 
example  of  the  British  government  can- 
not fail  to  have  weight. 

Diving  became  of  more  than  national 
importance — it  became  international — 
when  the  world  awaited  the  report  of  the 
divers  in  regard  to  the  wreck  of  the 
Maine.  And  diving  was  of  keen  interest 
to  us  when  the  Spanish  ships,  sunk  at 
Santiago,  were  examined. 


and  yet,  some  30  years  ago,  when  a  diver 
was  "drowned  at  the  Santa  Barbara  pearl 
fisheries,  his  wife  bravely  took  his  suit 
and  his  occupation  and  followed  the  work 
with  success  for  years,  finding  a  growing 
fascination  in  what  she  had  at  first  un- 
dertaken from  duty.  Once,  the  air  hose 
broke,  and  when  she  was  drawn  to  the 
surface  her  face  was  stained  with  blood 
Avliich  had  started  from  the  eye-sockets. 
But  in  two  days  she  was  back  again  at 
work ! 

Sharks  are  commonly  supposed  to  be 
one  of  the  principal  tlangers.  And,  in- 
deed, many  a  diver  has  been  frightened 
by  them ;  as,  in  particular,  the  diver  who 


AUSTRALIAN  PEARLING  LUGGER  IN  TROPIC  SEAS. 

Malays  with  modern  apparatus  have  replaced  the  naked  divers  who  formerly  went  down  with  oiled  sponge  in  their 

nostrils  and  who  remained  below  sometimes  as  long  as  two  minutes.     These  men  gather  pearls  on  the 

sea  bottom  for  hours  at  a  time,  and  frequently  have  thrilling  experiences  and  narrow  escapes. 


The  name  of  one  of  those  warships,  the 
Vis  cay  a,  brings  to  mind  the  wreck  of  an- 
other Viscaya,  some  years  ago,  off  our 
southern  coast.  It  was  a  passenger  ship, 
and  many  were  drowned,  and  American 
divers  were  called  upon  to  make  stren- 
uous efforts  to  recover  the  body  of  a 
Spaniard,  a  man  of  immense  wealth  ;  the 
Spanish  law  providing  that,  in  cases  of 
alleged  death,  where  the  actual  body  is 
not  found,  the  government  holds  and  con- 
trols the  property  of  the  supposed  de- 
ceased for  ten  years. 

It  would  not  be  expected  that  diving 
is  one  of  the  occupations  open  to  woman  ; 


was  penned  in  a  ship's  cabin  by  an  enor- 
mous shark  that  threateningly  blocked 
the  door. 

But  there  is  thought  to  be  no  case  in 
which  a  shark  actually  injured  a  diver. 
The  diver,  in  fact,  frightens  the  shark — 
and  at  a  wreck  off  Galveston  as  many  as 
fifty  sharks  at  a  time  have  harmlessly 
swum  about  the  divers. 

A  firm  engaged  in  diving  work  off 
Cuba,  however,  ordered  not  long  ago,  a 
huge  cage,  within  which  their  divers  were 
to  work  without  danger  from  sharks — 
but  the  divers  laughed  at  the  over-care- 
fulness. 
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Off  the  mouth  of  the  MajjilaUiia  Ki\ 1 1 . 
luiMistiT  anijL;ati>rs  love  to  swim  out  into 
the  Uiy.  aiul  divers  who  saw  them  thoro 
were  ill  at  case,  for  the  ways  oi  thi  alii 
gator  arc  not  well  known. 

A  small  West  Indian  fish  is  of  more 

real  aimovanoe  than  shark  or  alligator. 

for  when  hun.nry  it  snaps  at  the  diver's 

:  as.   indeed,  tlie   northern   hhielish 

d«H'S. 

1  he  octoptis.  which  is  t)f  so  imcanny 
an  appearance  ant!  which  cuts  so  prom- 
inent a  fig^iirc  in  fiction,  is  nowhere  a  real 
danger.  At  the  wreck  of  an  Atlantic 
steamship,  however,  not  lonp:  ag:o,  some 
Iwles  oi  cloth  had  hurst  open,  and  a 
myriati  oi  lone:  streamers  were  llunq:  out 
like  (X'topus  arms — and  so  very  real  was 
the  danper  fmm  these  cloth  tentacles  that 
the  divers  were  fn^m  time  to  time  so 
tangled  in  them  that  they  hail  to  cut  one 
another  loose. 


^^A^-,    ..Lu  Shoes  and  Iron  Sandals. 

Conditions  Under  Water 

It  is  a  mistaken  notion,  on  the  part  of 
some,  that  water  below  the  surface  is 
quiet.  On  the  contrary,  the  divers  must 
almost  always  combat  tides  and  currents, 
and  when  the  speed  of  the  water  is  more 
than  3  miles  an  hour  there  is  constant 
danger  of  snapping  or  tangling  lines.  It 
is  difficult  to  walk  against  even  a  moder- 
ate current,  and  a  diver  often  has  himself 
raised,  and  lowered  in  a  new  spot,  rather 
than  laboriously  to  struggle. 

Jute  is  a  hard  cargo  to  handle,  on  ac- 
count of  its  tangling  qualities ;  and  bar- 
rels are  dangerous  from  their  tendency 
to  float  up  against  hose  or  line. 

The  recover)-  of  bodies  is  a  grim  and 
important  part  of  a  diver's  work :  and  he 
has  to  learn  the  uncanny  fact  that  in  coUl 
water  he  must  seek  on  cabin  floors  or  in 


the  berths,  and  in  warm  wnter:^  against 
the  ceilings. 

It  is  small  wondrr  that  llie  Awcv  at 
times  feels  su])erstitious  thrills — as  did 
that  one  who,  crossing  a  cabin,  saw  a 
pair  of  enormous  grey  I'lgures  slianibling 
right  towards  him.  lie  struck,  with  bis 
axe,  mad  with  fear — and  sniaslu'd  into 
a  thousand  pii'Ci's  a  huge  mirror  in  which 
his  own  legs  had  been  retlected — the  re- 
tlection,  as  is  often  the  case  in  clear 
water,  having  greatly  magnified  the  ob- 
ject ! 

Qualifications  of  Divers 

The  diver  must  be  a  man  of  all  round 
capabilities,  lie  must  be  able  to  l)last, 
to  ])ass  chains  around  a  sunken  ship,  to 
lay  bridge  foundations,  to  do  the  work  of 
a  carpenter,  a  rope-maker,  a  sailor,  'a 
worker  in  iron  and  steel. 

To  be  tangled  in  rigging  is  an  im- 
minent possibility ;  and  divers  are  fre- 
quently in  danger  through  first  passing 
on  one  side  of  a  mast  and  then  inadvert- 
ently returning  on  the  other,  thus  tang- 
ling or  fouling  lines ;  and  there  is  the 
danger  of  stumbling  when  carrying  dy- 
namite in  dark  water.  A  diver  in  New 
York  harbor  was  blown  up  by  his  own 
dynamite  a  few  years  ago.  There  is  a 
great  difference  in  water ;  some  is  black 
at  20  feet  under  the  surface  and  some  is 
light  at  75  feet.  New  York  harbor  is  one 
of  the  dark  localities,  and  the  use  of 
storage  batteries  for  electric  lights  is  a 
distinct  aid. 

A  diver  must  always  know  that  there 
are  no  flaw-s  in  hose  or  line,  and  that  bis 
armor  is  prOperly  adjusted.  The  captain 
of  a  gunboat,  on  the  Delaware  River, 
some  years  ago,  decided  to  go  down  to 
see  personally  regarding  some  repairs. 
There  w^as  no  regular  diver  on  his  boat. 
His  assistant  was  unskilled.  The  helmet 
was  improperly  fastened  ;  it  slii)ped  off, 
down  in  the  depths ;  and  the  captain  was 
drowned. 

Some  Experiences  Under  Water 

It  is  impossible  to  foresee  the  kind  of 
danger.  Captain  J.  W.  Chittenden,  best 
known  of  all  the  divers  of  New  York,  a 
man  who  has  descended  thousands  of 
times,  was  once  working  at  a  wrecked 
liner  off  the  coast  near  Halifax.  He  fas- 
tened to  the  tackle  a  long  box  containing 
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narrow  bars  of  steel.  The  box  broke — 
the  steel  came  down  in  a  shower — one 
bar  cut  through  his  helmet  and  came 
through  the  face  plate,  and  other  bars 
sliced  him  in  the  back.  His  air  hose  was 
cut.  But  in  the  first  moment  he  signalled 
to  be  drawn  up,  and  then  became  uncon- 
scious from  wounds  and  lack  of  air.  It 
was  with  difficulty  that  he  was  revived. 

One  of  his  hardest  jobs  was  at  a  great 
steamship  which  sank  ofif  Fire  Island  fif- 
teen years  ago.  It  lay  in  120  feet  of  water, 
and  work  could  be  carried  on  for  only 
fifteen  minutes  at  a  time.  In  addition, 
the  current  tugged  and  pulled  desperately 
at  the  divers. 

A  steamship,  wrecked  against  the 
Nova  Scotia  coast  30  years  ago,  slid  back 
into  deep  water  and  turned  bottom  up- 
ward as  it  rolled.  It  was  necessary  to 
blast  holes  through  the  bottom  of  the 
ship  to  get  at  the  cargo,  and  a  mighty 
swell  was  constantly  sweeping  back  and 
forth. 

Often  there  are  tantalizing  slips  'twixt 
cup  and  lip,  as  when  diver  Bundick  once 
reached  the  surface  with  a  box  of  money 
clasped  underneath  his  arm.  But  the 
waves  were  rolling  high ;  the  assistants 
were  unskilled  ;  and  as  they  got  Bundick 
into  the  small  boat  they  let  his  precious 
box  fall  away,  and  it  was  never  recov- 
ered. 

Objects  weigh  less  in  water  than  out ; 
but  divers  say  that  as  a  rule  this  de- 
creased weight  is  apt  to  be  offset  by 
clumsiness  of  handling  caused  by  the  un- 
wieldy dress. 

The  helmet  diver  can  exert  his  greatest 
power  in  lifting.  He  is  comparatively 
inefifective  in  pulling'  down  vmless  he  first 
fastens  himself,  owing  to  buoyancy ;  and 
for  the  same  reason  he  cannot  strongly 
push  or  pull  horizontally,  unless  he  has 
a  fulcrum  for  his  body.  In  boring  an 
augur  hole  he  must  lash  himself  or  brace 
his  feet  against  a  projection. 

Robert     Louis     Stevenson     once     de- 


scended in  a  diver's  suit  and  he  has  left 
an  account  of  his  experience.  Looking 
around,  he  saw  "nothing  but  a  green 
gloaming,  somewhat  opaque,  but  very 
restful  and  delicious."  He  experienced 
"a  fine,  dizzy,  muddle-headed  joy ;"  and 
when  another  diver  motioned  to  him,  by 
signs,  to  jump  to  the  top  of  a  rock  six 
feet  above  him,  he  thought  the  sugges- 
tion merely  a  joke  but,  trying  to  leap,  he 
soared  more  than  the  six  feet  and  had  to 
be  ignominiously  drawn  ahead  to  the  sur- 
face! 

A  curious  and  valuable  use  to  which 
the  idea  of  the  helmet  has  been  put,  has 


Captain  J,  W.  Chittenden. 
Veteran  Diver, 

been  that  of  equipping  with  such  a  head- 
piece men  who  work  amid  noxious  fumes 
in  acid  or  white-lead  works.  Il>  would 
seem  as  if  this  idea  were  worthy  of  still 
further  expansion. 

Sea-diving  without  apparatus  has  be- 
come almost  a  lost  art.  Even  the  most 
distant  regions,  where  pearl  or  sponge  or 
coral  are  sought,  have  come  to  the  use 
of  the  diving  dress  ;  and  the  apparatus, 
good  though  it  is,  is  certain  to  be  vastly 
improved  when  the  proper  inventor  shall 
take  it  in  hand. 


Accidents  in  Mills 

<.iiu»e»  of  Various  Acvicltiil^  and   Means  for  Their  Prevention 


By  GlOUi.l      KICL 


l)a\c 
since 


AIDRXTS  in   shops  antl   mills 
iroin   iiK'ohanical   tlcfccls   in   the 
shal'tinj;  nr  general  power  system 
arc    not    infrequent.      Aceidents 
cxrcurrcd    in    all   in^lustrial  plants 
iho  ailvcnt  of  machinery,  ami  no 
■     "'     will    continue.      With    increased 
>"  and  more  complicated  devices,  ac- 
,ve  increased.     The  writer  has 
••  ihout  the  mills  and  the  shops 

oi  ihc  country  a  sjrcat  deal  durinj^  the 
past  year  and  has  visited  many  scenes  of 
accidents  resultintj  from  nc.S^lect  of  the 
workmen,  imperfect  connections,  lose 
joints  in  shaftinjj  or  machinery,  exjwsed 
set  screws,  defectively  arran.ijed  belt  ship- 
pers, improperly  laced  belts,  etc. 

E.xposed  Set  Screws 

We  will  glance  at  the  factors  concern- 
ing some  o{  these  accidents.  In  Fig.  i 
is  shown  an  illustration  of  the  deadly  ex- 
po.«;ed  set  screw  of  the  shaft  coupling. 
The  deadly  set  screw  is  responsible  for 


more  accidents  to  workmen  at  the  shaft- 
ing than  any  other  cause.  The  common 
method  of  constructing  the  modern  coup- 
ling involves  the  sinking  or  otherwise 
protecting  the  heads  of  the  set  screws. 
But  one  need  not  travel  very  long  among 
the  country  mills  to  find  the  old  fashioned 
couplings  in  service  with  the  protruding 
head. 


111  the  particular  case  in  (|uesli()i).  an 
employee  had  occasion  to  readjust  tlu' 
rope  drive,  lie  allowed  the  rope  to  drop 
olT  the  tianges  of  the  wheel  to  the  shaft. 


Then  he  began  tossing  the  rope  uj)  to  get 
it  free.  The  speeding  set  screw  A 
promptly  caught  the  rope  and  in  a  sec- 
ond the  rojie  w'as  in  process  of  winding 
about  the  shaft.  Fortunately  for  the 
workman,  he  did  not  have  a  very  firm 
hold  on  the  rope.  The  rope  was  drawn 
through  his  hand  and  the  friction  burned. 
Had  the  rope  B  caught  him,  he  would 
have  been  drawn  up  to  the  shaft.  Today, 
couplings  are  substituted  with  sunken  set 
screws. 

Belt  Shippers 

In  another  case  of  like  nature,  the 
trouble  was  due  to  the  use  of  a  poorly 
rigged  shipper  device  as  in  Fig.  2.  The 
belt  had  bothered  the  workmen  by  run- 
ning off  the  wheel ;  they  had,  therefore, 
constructed  the  crude  board  affair  as 
shown,  with  a  leg  on  either  side  of  the 
wheel  to  guide  the  belt  in  place.  One 
day,  however,  the  belt  slipped  down 
through  the  interval  between  the  rim  of 
the  wheel  and  the  \vood  piece,  to  the 
shaft  at  C.    Again  an  employe  tried  to 
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"snap"  the  belt  out  and  up  on  the  wheel 
rim,  but  the  belt  gripped  about  the  shaft 
and  wound  up.  It  was  a  powerful  belt 
and  in  a  second  the  line  of  shafting  was 
ripped  down:  Portions  of  the  falling 
shafting  struck  the  employe  and  he  was 
injured. 

The  careful  inspector  prohibits  the  use 
of  these  defectively  arranged  board  belt 
guides  as  they  are  dangerous.  In  this 
instance,  the  iDclt  running  off  was  no 
doubt  due  to  improper  alignment  of  the 
shafts. 

Belt  Lacing 

An  accident  due  to  an  open  union  in  a 
belt  next  came  to  notice.  This  is  shown  in 
Figure  3.     The  belt  sewing  at  the  joint 


was  poor.  One  side  of  the  union  had 
spread  open  at  D  and  as  this  open  space 
sped  around,  it  presented  an  invisible 
danger.  One  day  a  workman's  blouse 
was  caught  in  the  open  space,  while  he 
was  passing.  Fortunately  the  material  in 
the  blouse  broke  loose,  otherwise  serious 
injury  to  the  man  might  have  resulted. 
Sometimes  I  find  that  belts  are  carelessly 
laced,  as  in  Fig.  4,  with  a  large  opening 
at  E  between  the  ends.  This  is  a  dan- 
gerous mistake  as  the  open  space  affords 
means  to  catch  anything  that  happens  to 
be  near. 

Broken  Pulley 

A  rather  odd  accident  occurred  in  a 
shoe  factory  due  to  the  wretched  condi- 
tion of  a  broken  wheel.    A  view  of  this 


wheel  is  shown  in  Fig.  5  in  which  the 
fractured  parts  are  marked  F  and  G.  The 
pieces  of  the  rim  had  been  broken  out 
and  these  pieces  had  been  patched  back 


again  with  sheet  metal  pieces  on  the  inner 
side,  using  rivets  for  the  purpose.  The 
wear  and  tear  of  the  wheel  had  loosened 
these  parts  sufficiently  to  expose  some 
sharp  edges. 

One  day  a  valuable  belt  slipped  from 
the  wheel  next  to  this  one  on  the  shaft. 
The  belt  gradually  worked  itself  over  to- 
wards the  sharp  edges.  On  coming  into 
contact  with  these  sharp  edges  they  com- 
menced a  cutting  process,  and  in  a  short 
time  the  belt  was  cut  off. 

A  rather  singular  accident  occurred 
when  a  careless  boy  permitted  some  cot- 
ton rope  to  wind  on  the  shafting  between 
a  wheel  hub  and  the  side  of  a  hanger  as 
at  H  Fig.  6.  The  boy  was  polishing  the 
shaft,  and  used  the  rope  and  some  clean- 
ing ingredients.  The  rope  caught  about 
the  shaft  and  quickly  wound  up  as  shown. 
A  collar  which  held  the  shaft  in  position 
was  caused  to  give  way,  and  permit  the 
entire   line  of  shafting:  to   move  several 


inches  to  the  right,  due  to  the  packing  of 
the  rope  between  the  wheel  hub  and  the 
side  of  the  hanger.  This  threw  the  en- 
tire system  out  of  adjustment  and  several 
hours  shut  down  resulted. 
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Hcdult  uf  Netfligciicc 

Workmen  in  charge  of  the  power  ami 

^ion  in  cmintry  shujis  aiul  mills 

liable  til   5,'ot   neKlii^eiit ;   imu-li 

than  the  employes  of  the  larger 


estahlishni.cnts  in  the  cities  ami  towns. 
The  case  illustratc<l  in  V\^.  J  is  an  actual 
(Irawinj:^  of  a  coupling  I  noticed  in  run- 
ning order  in  a  flour  mill  of  good  size, 
Irtcated  in  a  small  town.  As  I  passed 
through  the  works.  I  heard  a  thumping 
and  a  rattling  overhead.  I  asked  a  work- 
man about  it  and  he  laughed  and  said  that 
noise  had  been  going  on  for  weeks.  I 
observed  that  the  shaft  was  uncertain  in 
its  revolutions,  and  waiting  until  the  shut- 
down at  noon,  for  it  was  near  that  time, 
I  saw  that  the  bolts  of  the  coupling  were 


broken  and  drawn,  exposing  the  open 
part  as  at  I.  Still  the  workmen  were  in 
too  much  of  a  hurry  to  go  to  dinner  to 
do  anything  about  it.  They  would  repair 
it  Sundav  thev  said. 


riie  \iry  m-xt  ilay,  T  afterwards 
learned,  liie  ])n)])rietor's  son  iiiel  with 
an  accident  at  this  ])lace,  by  his  blouse 
catching  tm  the  exlentjed  set  screws 
while  he  was  adjusting  the  belt  to  the 
wheel  next  to  the  coupling.  The  cou])- 
ling  no  doubt  was  then  fixed. 

The  next  \iew  illustrates  a  comical  ac- 
cident. A  workman  had  occasion  to  apply 
a  long  handled  flat  wrench  to  the  shaft  as 
in  I'ig.  S.  The  shaft  revolved  in  the  di- 
rection of  the  arrow  J.  Suddenly  the  re- 
volving shaft  bound  in  the  jaws  of  the 
wrench,  caused  Ijy  the  jaws  of  the  wrench 
striking  a  high  place,  and  the  wrench 
quickly  slipped  from  the  hands  of  the 
workman,  went  over  and  came  liack  strik- 
ing him  squarely  upon  the  head.  1  le  had 
to  he, taken  home  in  a  wagon,  but  iilli- 
matelv  recovered. 
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Anotiicr  accident  occurred  in  a  strange 
way  in  connection  with  a  party  of  two 
men  lacing  a  belt  of  an  overhead  shaft. 
They  held  the  ends  of  the  belt  together 
for  uniting  with  lacing  by  using  a  pair 
of  clamps  as  in  Fig.  9.  All  went  well 
during  the  i)rocess  of  lacing,  until  the  en- 
gineer through  error  started  up  the  en- 
gine. The  wokman  veiled,  but  the  engi- 
neer did  not  hear.  The  clamp  was  taken 
along  to  the  wdieel  and  partly  drawn  over 
when  it  broke  and  the  belt  fell  to  the 
floor.  The  belt  clamp  was  ruined  and 
the  ends  of  the  beltinsf  torn  out. 


THE  IG-IN'CH  GUN,  WEIGHING  135  TONS,  CONTRASTED  WITH  13-INCH  GUN  BY  ITS  SIDE. 


World's  Most  Powerful  Gun 

Describing  the  Process  of  Manufacture  of  the  Largest  Gun  Ever  Built 

in  the  United  States 


By  DAY  ALLEN  WILLEY 

Baltimore  Correspondent,  The  Technical  World  Magazine. 


THE  development  reached  in  the 
United  States  in  the  manufacture 
of  ordnance,  has  attracted  hter- 
ally  world-wide  attention.  One 
of  its  most  remarkable  achievements  has 
been  the  construction  of  what  military 
experts  call  the  most  powerful  cng-ine  of 
warfare  yet  designed.  It  is  an  interest- 
ing fact  that  this  gigantic  piece  of  ord- 
nance was  not  built  at  private  works,  but 
completed  at  the  Watervliet  arsenal  from 
castings  which,  at  the  time  they  were 
made,  were  among  the  heaviest  ever  pro- 
duced from  the  steel  furnace. 

Technically,  this  great  "peacemaker" 
is  called  a  i6-inch  breech-loading  rifle. 
It  is  perhaps  unnecessary  to  say  that  the 
"i6  inches"  refers  to  the  diameter  of 
the  bore,  or  the  caliber.  In  fact,  this  is 
so  large  that  a  man  of  ordinary  size  can 
crawl  inside  the  muzzle  without  diffi- 
culty. A  better  idea  of  the  dimensions 
of   the   gun    can   be   gained   when    it   is 


stated  that  the  forgings  for  the  tube  and 
jacket  weigh  no  less  than  184  tons.  The 
tube  itself  is  49^^  feet  in  length,  and, 
as  the  gun  is  of  the  built-up  type  favored 
by  artillery  officers  of  the  present  day. 
it  is  reinforced  at  the  base  by  the  jacket, 
which  was  shrunk  into  position.  The 
tube  is  further  strengthened  by  four  sets 
of  hoops,  which  really  make  it  of  four 
thicknesses  of  metal  between  the  center 
of  the  tul:)e  and  the  breech. 

As  may  be  imagined,  the  construction 
of  this  monster  weapon  involved  soir.e 
very  difficult  and  interesting  processes 
after  the  forgings  were  received  at  the 
arsenal.  The  most  intricate  operation  of 
all  was  to  shrink  the  jacket  upon  the 
tuljc.  The  latter  was  placed  in  a  furnace 
burning  petroleum,  for  several  days,  the 
temperature  being  maintained  at  between 
8o5  and  900  degrees.  The  tube  was  then 
lifted  out  of  tlie  furnace  by  an  electric 
traveling  crane,  and  carried  to  the  shrink- 
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ing  pit.  which  was  excavated  in  solid 
nx-k  to  a  depth  <>t  seventy  feet.  In  order 
to  place  the  jacket  in  the  proper  position, 
it  was  necessary  to  hold  the  c^nn  tube 
in  a  vertical  position,  and  so  ri.tjidly  that 
it  would  not  move  the  fraction  of  an  inch 
durintj  the  operation.  This  was  ac- 
coinpiished  by  attachinir  to  it  chains 
which  were  stretched  taut  and  fastened 


Lowering  Gls  Tube  into  Shrinking-Pit. 


to  supports  at  the  side  of  the  tube.  While 
the  tube  was  being  reheated,  the  jacket 
was  undergoing  the  same  process  in  an- 
other furnace,  so  that,  when  the  tube 
was  ready  to  receive  it,  the  jacket  had 
l^een  exjmnded  by  the  heat  to  the  proper 
dimensions.  The  jacket  was  then  trans- 
ferred to  a  point  above  the  tube,  also 
l)y  an  electric  crane  swung  into  the  right 
position,  and  then  gradually  lowered. 
When  it  is  stated  that  the  diameter  in 
the  opening  of  the  jacket  was  but  one 
six-hundredth  of  an  inch  larger  than  the 
diameter  of  the  tube,  an  idea  can  be 
gained  of  the  nicety  of  the  operation  re- 
quired in  fitting.  At  the  first  attcm])t. 
it  was  found  that  the  jacket  was  not 
sufficiently  expanded  on  the  inner  sur- 
face, and  caught  on  the  tube  before  it 
was  entirely  in  place.  Fortunately,  it  w^as 
removed  before  it  had  time  to  contract 
in  cooling ;  otherwise  it  would  have  been 
impossible  to  remove  the  jacket  except  by 
chipping  it  ofT  with  tools,  wdiich  would 
probably  have  involved  the  total  loss  of 
the  gun.  The  second  attempt  at  fitting, 
however,  was  entirely  successful,  the  con- 
traction in  cooling  attaching  the  jacket 
to  the  tube  as  firmly  as  if  the  entire 
structure  were  of  one  piece. 
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For  rifling-  and  boring  out  the  interior 
and  turning  the  outside  of  the  piece,  spe- 
cial power  tools  were  required,  including 
no  less  than  three  boring  and  turning 
lathes,  one  turning  and  finishing  lathe, 
one  threading  and  slotting  machine,  and 
three  hoop  lathes ;  while  the  rifling  ma- 
chine used  for  the  ordinary  12-inch  gun 
was  remodeled  to  adapt  it  for  the  larger 
caliber.  It  might  be  added  that  the 
largest  electric  travelin^^  crane  for  hand- 
ling the  forgings,  ha '  a  capacity  for 
transferring  no  less  than  150  tons. 

After  shrinking  on  the  jacket,  the  gun 
was  cooled  by  applying  to  it  a  stream  of 
water  for  fifty  hours  while  it  remain'ed  in 
the  shrinking  pit.  It  was  then  carried  to 
the  finishing  shop,  where  the  boring  was 
completed,  the  outside  turned  down  to 
the  proper  dimensions,  and  the  breech 
mechanism  attached.  It  may  be  stated 
here  that  the  breech-block  alone  weighs 
about  one  ton,  but  is  so  well  adjusted  that 
the  strength  of  two  fingers  will  open  and 
shut  it.  Three  separate  movements  are 
required  to  open  the  breech,  but  they  are 
all  controlled  by  a  set  of  worm  gearing 
which  is  very  simple  in  operation  and  re- 
quires only  a  few  turns  of  the  crank. 
\M:;en  the  crank  is  first  set  in  motion,  the 
breech-block  makes  a  half-turn,  releasing 
the  threads  of  the  interrupted  screw 
by  which  it  is  held  in  place  in  the  breech. 
A  few  more  turns  sufiice  to  withdraw  the 
block  from  the  breech  ;  and  then  the  en- 
tire breech-block  is   swung  clear  of  the 


Shrinking  the  50-Ton  Jacket  onto  the  Tube. 

breech  on  a  heavy  hinge,  or  consol,  leav- 
ing the  chamber  open  to  receive  the 
charge. 

Every  part  of  the  gun  is  built  as  ac- 
curately, as  the  works  of  a  watch.  To 
prevent  the  possibility  of  a  premature 
discharge,  there  are  two  safeguards.  The 
gun  may  be  fired  either  by  electricity  or 
l)y  an  ordinary  friction  primer.  When  the 
breech  starts  to  open,  the  very  first  move- 


TURNING  THE  OUTSIDE  OF  THE  GUN  IN  THE  LATHE  SPECIALLY  MADE  FOR  IT. 


THE  TECHNICAL   iro/O/J)   M.hl.tZI.VIl 


A  150-TON  ELECTRIC  CRANE  LIFTING  THE  16-INCH  GUN. 


BREECH-BLOCK  PARTLY  REMOVED. 
This  block  itself  weighs  a  ton. 
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ment  disconnects  the  electrical  firing  ap- 
paratus, and  it  remains  disconnected  un- 
til the  last  movement  in  closing  the 
breech.  The  first  movement  to  open  the 
breech  also  prevents  the  insertion  of  a 
friction  primer.  As  the  breech-block 
makes  its  first  turn,  a  thin,  flat  piece  of 
steel  slides  over  th€  vent,  and  remains 
there  until  the  last  turn  of  the  crank  that 
locks  the  breech. 

The  breech  mechanism  is  similar  to 
that  of  the  modern  12-  and  13-inch  rifles 
which  are  used  in  the  United  States 
Navy.  In  fact,  the  weapon  is  similar  in 
design  and  construction  to  these  types, 
only  differing  in   the    enormous    power 


Gun  Cooling  in  Shrinking-Pit. 

which  it  develops.  A  few  statistics  will 
give  an  idea  of  the  destructive  force 
which  it  is  capable  of  exerting.  The  pro- 
jectile which  it  carries  is  5  feet  4  inches 
in  length,  and  weighs  2,370  pounds.  For 
the  service  charge  of  ammunition,  no 
less  than  576  pounds  of  the  best  smoke- 
less powder  are  required.  If  the  or- 
dinary black  powder  were  used,  over 
half  a  ton  would  be  needed.  With  this 
charge,  the  projectile  can  be  thrown  a 
distance  of  twenty  miles  and  still  exe- 
cute damage.  By  this  is  meant  that  it 
would  penetrate  a  plate  of  metal  several 
inches  in  thickness  at  this  remarkable 
range.  If  a  mass  of  the  best  Krupp  or 
Ilarveyized  armor  was  set  up  at  a  dis- 
tance of  six  or  eight  feet  from  the  muz- 


SizE  OF  Breech-Blulk  Contrasted  with  Size  of  Man. 

zle,  and  the  gun  discharged  directly  at 
it,  experts  estimate  that  the  projectile 
would  penetrate  the  metal  to  a  depth  of 
3>^  feet.  At  a  range  of  ten  miles  it  is  be- 
lieved that  an  armor-piercing  shell  from 
this  gun  would  go  through  the  hull  of 
the  heaviest  battleship  afloat. 

A  further  idea  of  the  power  of  the  gun 
can  be  secured  by  comparing  it  with  the 
heaviest  type  in  use  on  the  Japanese  bat- 
tleships. The  standard  gun  in  service  in 
their  main  batteries  is  a  12-inch  rifle 
of  the  Elswick  pattern.  This  is  probably 
the  most  powerful  12-inch  gun  yet  con- 
structed, equaling  if  not  exceeding  in 
power  the  guns  of  the  same  size  in  the 


Man  in  Bore  of  16- Inch  Rifle. 
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American  Navv  ;  but  it  ilischargcs  a  pro- 
jectile which  weighs  1.51x1  pounds  less 
than  that  used  in  the  lO-inch  rille.  while 
it  weiglis  hut  41)  tons,  or  a  little  over  one- 
third  the  wiii:ht  of  the  latter.  The  force 
which  a  projectile  ilischarj4;e»l  from  tin; 
American  pm  wmiUl  exert  at  the  time  »>f 
leavinp  its  nuizzle— or.  as  military  ex- 
perts call  it.  the  '•muzzle  enerj^y" —  rep- 
resents no  less  than  S8.000  tons;  while 
the  l-:iswick  gun  has  an  energy  of  about 
34.rKX3  tons,  or  less  than  one-half. 

Cannon  of  larger  caliber  have  been 
built  from  time  to  time  for  the  armament 
of  various  ICuropean  jiowers.  A  gun 
built  for  the  Italian  Government  had  a 
calil>cr  of  17.75  inches,  but  its  muzzle 
cnergv  was  only  40.000  tons.  France 
built  a  gun  with  a  caliber  of  16.5  inches. 
but  it  tleveloped  a  muzzle  energy  of  only 
36.000  fcx)t  tons,  and  a  muzzle  velocity 
of  onlv  1.700  feet  per  second.  A  gun 
built  bv  the  Armstrongs  for  the  P.ritish 
Xavv  had  a  caliber  of  16.25  inches,  with 
a  muzzle  velocity  of  2,100  feet  per  sec- 


ond. The  l'.rili>>li  gun  comes  the  nearest 
to  rivaling  the  new  gun  in  power,  but  it 
falls  .shoil  35  lier  cent. 

This  giant  of  llie  American  artillery 
is  intended  for  seacoast  defi'use.  it  is 
;il  present  located  at  .^andy  I  look,  where 
it  will  probably  form  one  of  a  battery  of 
disappearing  guns,  as  its  range  is  so 
great  that  it  can  com])lelely  command  the 
entrance  to  New  ^'ork  I'.ay.  It  was  taken 
to  Sandy  Hook  for  proving  pur])oses,  di- 
rectlv  from  W'atervliet,  wdiere  it  re- 
mained nearly  four  years  before  being 
com])leted.  Jncluding  mechanism  u.sed  at 
the  r.ethlehem  Steel  Works,  where  the 
forgings  were  made,  having  been  spe- 
ciailv  designed  for  it  at  the  Arsenal,  the 
machinery  for  this  gun  cost  no  less  than 
$500,000.  As  the  gun  alone  weighs  130 
tons,  it  was  necessary  to  construct  a  rail- 
road to  convey  it  from  the  Arsenal  to  the 
Hudson  River,  where  it  was  placed  on  a 
barge  and  carried  by  water  to  Sandy 
Hook,  being  too  large  to  be  transported 
tliillur  bv  rail. 


§elf-lR.eliainice 


THE   weak,   the    leaning,    the   dependent,   the    vacillating 
Know  not,  nor  ever  can,  the  generous  pride 
That  glows  in  him  who  on  himself  relics:     ^ 
His  joy  is  not  that  he  has  won  a  crown, 
But  that  the  power  to  win  the  crown  is  his. 


Coffee  "Graft 
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Showing  the    Misrepresentation    Under  Which   the    Most  of  the  Coffee  in   this 

Country  is  Sold 


By  AUGUST  E.  CANS,  C.  E. 


BREVITY  is  the  soul  of  magazine 
articles :  "multum  in  parvo"  is 
their  called  for  virtue. 

There  is  a  prevalent  fever  for 
making  money  in  any  way,  shape,  or 
manner,  excepting  by  what  the  law 
designates  as  larceny,  the  common  ex- 
pression of  the  "street"  for  which  is 
"graft."  That  an  entire  class  of  our  fel- 
low-citizens should  be  deliberately  en- 
engaged  in  certain  kind  of  graft  will  be, 
perhaps,  news  to  many. 

Coffee  is  the  commodity  which  I  shall 
prove  to  be  the  object  of  gross  misrep- 
resentation.   And  now  for  facts ! 

According  to  United  States  statistics 
there  were  imported  into  the  United 
States  in  the  six  years,  1897  to  1902, 
both  inclusive,  5  J73>^  millions  of  pounds 
of  coffee,  of  which  Brazil  alone  sent  us 
3,993  millions,  that  is  a  little  over  75 
per  cent  of  the  total  importation.  Dur- 
ing the  same  six  years  we  received  from 
Arabia  (Aden;  Masterson,  U.  S.  Con- 
sul), 193/^  million  pounds  of  "Mocha," 
and  from  the  Dutch  and  British  East 
Indies,  as  well  as  from  the  Netherlands, 
there  came  117^  million  pounds  of 
"Java,"  so  that  of  "Java  and  Mocha"  we 
actually  had  in  those  6  years  a  little  over 
137  millions  of  pounds. 

"Java  and  Mocha"  is  the  most  popu- 
lar brand  of  coffee  in  the  United  States. 
It  is  perfectly  safe  to  say  that  the  grocers 
of  the  country  sold  the  people  of  this 
country  during  the  six  years  mentioned 
a  minimum  of  3.500  millions  of  pounds 
of  "Java  and  Mocha,"  in  spite  of  the  in- 
•  controvertible  fact  that  we  had  but  137 
million  pounds  of  that  commodity  at  our 
disposal. 

My  investigations  cover  four  years  and 
ten  of  the  states  ;  the  Hon.  H.  W.  Wiley, 
of  the  Agricultural  Department's  Bureau 


of  Chemistry,  agrees  with  me.  The 
World's  Fair  at  St.  Louis  was  my  latest 
field  of  investigation. 

The  average  consumption  of  coffee  in 
our  country  is  1^/2  pounds  per  capita, 
so  that  the  4,600  and  odd  grocers  of  Chi- 
cago sold  us  last  year — with  a  popula- 
tion of  2,000,000 — 2y  millions  of  pounds 
of  coffee,  mostly  "Java  and  Mocha,"  and 
mostly  a  false  pretense !  But  where  does 
the  "graft"  come  in? 

According  to  Mr.  De  Asis,  of  Brazil, 
the  Brazilian  Minister  at  Washington, 
and  a  delegate  to  the  Coffee  Convention 
of  1902  at  New  York  (as  published  in 
the  proceedings  of  that  convention  in 
Senate  Document  35,  57  Congress),  cof- 
fee sold  in  Brazil  in  1897  at  $20  per 
"sac"  of  60  kilos  or  132  pounds.  The 
same  kind  and  quantity  of  coffee,  after 
a  steady  decline  in  price  for  six  years, 
sold  in  Brazil  in  1902  at  $5 — a  fall  of 
75  per  cent. 

But,  during  all  this  time  and  up  to  this 
moment,  the  grocers,  in  order  to  make 
us  believe  that  they  are  selling  us  real 
"Java  and  Mocha"  have  charged  us  from 
35  to  45  cents  per  pound !  The  writer  al- 
ways paid  the  latter  price !  He  pays  it 
now ! 

Twenty-four  thousand  pounds  of 
"Mocha,"  brought  direct  to  Chicago  a 
few  years  ago,  cost  19/4  cents  in  Arabia  ; 
true  Java  costs  more,  and  yet  a  very  few 
small  merchants  sell  "Java  and  Mocha" 
here  at  20  cents  a  pound,  and  actually 
have  the  hardihood  to  insist  that  it  is  the 
genuine  article — until  "cornered!"  They 
claim  they  do  it  because  "everybody  else 
does  it !" 

The  agent  of  Bienenstock  &  Company, 
Aden,  in  Chicago,  has  been  compelled  to 
cease  the  importation  of  "Mocha."  Bra- 
zilian coffee  and  sifting-machines  ("sep- 
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aradoras"  as  on  cxhibitioti  in  ilu-  P.ra/il- 
ian  palace  at  St.  Louis)  ilcstroyctl  liis 
business. 

"liogus  McK-ha"  ami  •iVahirry  Mocha* 
arc  manufactured  from  r>r;izilian  coffees 
by  "siftinj;  machines"  in  Chica.i;o  as  well 
as  in  Hrazil. 

The  "law."  however,  in  the  state  of 
lUinois,  savs:  "Att  article  of  food  or 
tirink  is  adulterated  ****** 
(./)  if  hef't  on  sale  in  inritatioii  of  and 
under  the  name  of  another  article." 

\ot  only  this  law  is  not  enforced  with 
T^>;'i-ct  to  coffee,  hut  the  ofhcial  charj^cd 
:.  :.'/■;  its  execution  actually  iirevented  the 
reading:  of  a  paper  on  "Java  and  Mocha 
in  the  I'nited  States"  before  the  Inter- 
national Pure  Food  Cons^ress  at  St.  Louis 
last  year,  although  a  reciuest  for  it.  signed 
by  tiiree  conuuissioners  from  coffee-])ro- 
ducing  countries,  had  been  received  by 
the  officers  of  the  Congress ! 

Chemistry  cannot,  of  course,  detect 
where  coffee  was  produced.  If  circum- 
stantial evidence  is  sufficient,  however, 
to  hang  persons,  the  evidence  of  the 
L'nited  States  Gustom-houses  and  sta- 
tistics, and  the  evidence  of  books  and  im- 
porters, together  with  that  of  "experts," 
should  be  sufficient  to  bring  home  a  fraud 
which  robs  the  people  of  the  United 
States  yearly  of  from  2^  to  40  millions 
of  dollars! 

In  discussing  my  pamphlet  on  "Java 
and  Mocha  in  the  L"'nitcd  States" — ded- 
icated to  Hon.  H.  \y.  Wiley,  Washing- 


ton. I).  C. — the  r(litor  of  the  "American 
Liroccr,"  Sew  \'ork,  while  ailniitling 
(Dec.  7.  i<;o4)  lluil  95  i)er  cent  of  all  llic 
coffee  sold  in  the  United  States  as  "Java 
and  Mocha"  are  r>razilian  coffees,  insists 
— in  a  letter  to  the  writer — thai  "Java  ' 
and  ".Mocha"  are  trrnis  which  liavc  "lost 
their  significance  !"" 

Why.  then,  do  all  grocers  use  them, 
and  why  do  they  charge  j^rices  intended, 
bv  their  amount,  to  create  faith  in  tluir 
genuineness?  If  they  have  lost  their 
significance  why  have  so  many 
grocers  the  effrontery  to  insist  that  their 
"Java  and  .Mocha"  is  genuine,  and  why, 
if  you  please,  have  the  wrappings  in 
which  genuine  Mocha  and  Java  arrive  in 
the  L'nited  States  become  articles  of  trade 
in  this  country? 

Furthermore,  why  did  Mr.  Percy  B. 
O'Sullivan  of  the  New  York  Coffee  Ex- 
change; presiding  over  the  Coffee  Con- 
vention of  1902.  fail  to  take  any  notice 
whatever  of  the  incisive  remarks,  on 
"Java  and  Mocha"  of  the  Hon.  De  Asis, 
of  Brazil? 

The  w-riter  undoubtedly  interferes  with 
the  business  of  grocers,  as  complained  of 
by  the  Retail  Grocers'  Association,  of 
Cleveland,  but  he  w^ill  continue  to  do  so 
until  all  coffees  are  required,  by  law,  to 
be  sold  under  the  name  of  the  country 
producing  them. 

"Business"  and  "false  pretenses"  are 
not — so  far  as  the  writer  knows — inter- 
changeable terms ! 


ROLLING -LIFT  DOUBLE -TRACK  RAILROAD  BRIDGE  OVER  SOUTH  BRANCH  OF  CHICAGO  RIVER 

AT  ENTRANCE  TO  GRAND  CENTRAL  STATION,  CHICAGO,  ILL. 

Chicago  Terminal  Transfer  Railroad. 


The   Sky-Scraper  Drawbridge 

How  the    Modern    Lift-Bridge  is   Constructed   and    Operated 


By  WINTHROP   PACKARD 

Boston  Correspondent,  Thk  Technical  World  Magazine 


THE  erection  of  a  steel  frame  for  a 
skyscraper  in  Chicago,  New  York, 
or  -any  other  large  city  is  a  fa- 
miliar occurrence.  There  is  noth- 
ing about  it  to  astonish  the.  average  citi- 
zen ;  but  if,  after  the  steel  skeleton  had 
l)ecn  placed  in  position,  the  man  who  built 
it  should  put  a  hinge  in  the  bottom  and 
tip  it  over  sideways,  with  all  its  millions 
of  pounds  of  columns,  girders  and  braces, 
until  it  lay  at  right  angles  to  its  former 
position,  there  would  be  a' chorus  of  won- 
dering comment  and  the  surprise  would 
increase  should  the  frame  be  thereafter 
raised  and  lowered  at  pleasure. 

What  would  happen  if  the  steel  frame 
of  an  office  building  could  be  tipped  up 
and  down  is  very  similar  to  what  actually 
occurs  when  the  latest  type  of  drawbridge 
is  built  and  put  in  operation.    The  bridge, 


weighing  perhaps  5,000,000  pounds,  is 
first  erected  pointing  skyward.  Sur- 
rounded by  its  acailolding  it  looks  exactly 
like  one  of  the  tall,  narrow  office  build- 
ings which  one  sees  rising  on  so  many 
city  streets  at  this  season  of  the  year. 
\\  hen  completed  it  is  tipped  over  until 
it  spans  the  waterway.  After  that,  with 
the  aid  of  comparatively  little  power,  so 
nicely  balanced  is  the  huge  structure,  the 
bridge  rises  and  falls  whenever  a  vessel 
passes.  In  fact,  some  of  these  bridges  are 
so  adjusted  that  if  left  to  themselves  they 
would  rise  until  they  were  at  an  angle  of 
45  degrees.  In  other  words,  power  is 
api)Hed  to  pull  thciu  down  instead  of  to 
lift  tiiem  up. 

Some  Notable  Bridges 
So  great  an  improvement  are  bridges 
of  this  new  type  that  one  of  the  leading 
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American  railway  systems  has  iwn  of 
them  in  operation  and  three  more  in 
process  of  constrnctiiMi  at  the  present 
time.  Thev  are  on  the  New  Vt^rk.  New 
Haven  &  'Hartt\>ril  Railroad,  the  \:,vc\\i 
hiijhway  of  traffic  hetween  N'ew  l'-n.i;land 
and  the  metropolis  and  points  heyond.  Si^ 
lari^e  is  the  trat"hc  that  hetween  New 
York  and  Xew  Haven  the  road  consists 
of  four  tracks  which  means,  of  conrse. 
that  there  will  he  fonr  tracks  on  each  of 
the  new  hridtjes  on  that  ]iortion  of  the 


Principle  of  the  Lift  Bridge 

These  ,i;reat  hridj^es.  witli  thrir  millions 
of  i)onnds  of  \vcii;ht.  which  rise  and  tall 
nnder  the  inii)ulse  of  a  tiny  electric  mo- 
tor, are  the  invention  of  Mr.  William 
Schery.er.  a  Chica.qd  civil  en.^ineer.  Some 
vears  aj;o  he  was  asked  to  desi.i,ni  a  hrid^e 
which  wonld  lift  up  to  permit  the  pass- 
aj^e  of  vessels,  most  of  the  hri(lG:es  then 
in  use  turning:;:  ui)on  ])lvots.  which  were  a 
i;reat  source  of  trouhlc  hccause  they  fre- 
quentlv  got  out  of  order.     Mr.  Scherzcr 


S    HER7ER  ROLLING-LIFT  SIX-TRACK  BRIDGE  OVER  FORT  POINT  CHANNEL,  BOSTON.  MASS. 
New  York,  New  Haven  &  Hartford  Railroad.  — In  rear  of  South  Terminal  Station. 


system.  These  are  situated  over  the 
Saugatuck  River  at  W'estport,  Conn.,  at 
Cos  Cob  and  at  Xaugatuck  Junction  over 
the  Housatonic  River.  The  bridge  at 
Westport  will  be  a  four-track  deck  struc- 
ture :  that  is,  the  tracks  will  run  upon 
the  top  of  the  framework  and  it  will  have 
a  98-foot  draw.  The  Cos  Cob  bridge 
will  draw  107  feet  wide,  the  moving  por- 
tion Aveighing  1,270,000  pounds,  and  the 
counterweights  1,750,000  pounds.  The 
Housatonic  bridge  will  have  two  tracks 
on  each  of  two  double  track  structures. 
The  moving  part  will  weight  1,550.000 
pounds  and  the  counterweight  1,595,000. 


thought  the  matter  over  and  finally  con- 
ceived a  brilliant  idea,  which  may  be  illus- 
trated as  follows:  Lay  a  walking-stick 
having  a  semi-circular  curved  handle  up- 
on the  floor  with  the  handle  up  ;  then  pull 
down  upon  the  end  of  the  handle  until 
the  stick  rises  into  the  air  and  stands 
erect.  This  movement  of  the  stick  in  ris- 
ing when  the  curved  part  is  pulled  down 
constitutes  what  the  engineers  call  "the 
rolling  lift"  of  the  Scherzer  type  of  draw- 
bridge. The  bridge  is  lifted  by  the  roll- 
ing of  its  curved  lower  part  upon  a  flat 
surface,  or  set  of  rails,  a  counterbalance 
being   provided    to    overcome    the    dead 
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weight  of  the  heavy  steel 
structure.  The  plan  gives  a 
large  bearing  surface,  so  that 
the  wear  caused  by  the  fric- 
tion of  opening  and  closing 
the  draw  is  practically  noth- 
ing. 

Advantages  Over  Old  Types 

Besides  thus  economizing 
material  by  making  it  last 
longer,  these  bridges  have  an- 
other advantage  over  the  old 
form  of  swing  drawbridge  in 
that  they  are  capable  of  en- 
largement without  disturbing 
traffic  and  of  allowing  one  or 
two  tracks  to  be  always  kept 
open  when  the  draw  is  under 
repair.  If  at  any  time  it  is 
desired  to  add  more  tracks  to 
the  bridge,  this  can  be  done 
without  removing  the  existing 
structure,  which  is  a  great 
saving  when  the  present  prices 
of  material  are  considered. 
Thus,  a  bridge  carrying  one 
track  can  be  made  into  a 
double-track  bridge  whenever 
required,  which  could  not  be 
done  with  the  old-fashioned 
swing  bridge.  It  would  have 
been  necessary  to  take  out  the 
whole  movable  part  of  the 
bridge  and  put  in  a  new  sub- 
structure, a  temporary  bridge 
for  the  passage  of  trains  hav- 
ing also  to  be  erected.  In 
these  days  of  growth  in  traffic 
requiring  constant  changes, 
this  is  an  important  matter. 
On  the  New  Haven  system, 
for  instance,  express  trains 
are  run  between  Boston  and 
New  York  almost  every  hour 
during  the  day,  to  say  noth- 
ing of  the  constant  stream  of 
other  passenger  and  freight 
trains.  On  the  Scherzer  plan, 
a  new  bridge  may  be  built  be- 
side the  old  one,  keeping  them 
separate.  In  a  four-track 
Scherzer  bridge  there  are 
really  two  independent 
bridges,  and,  while  one  is  be- 
ing built  or  repaired,  trains 
can  still  be  run  over  the  other. 
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Counterwcitthts 

l"'acli    of    llu-so    mxal    bridj^es 
is  an  cnijiiK'criiitj^  jH-oliloin  in  it- 
si'lf.    and    plans    arc    varied    In 
nu'i't    cxistin.i^   conditions.      (  )nc 
of  tlic  (Hicstions  involved,  for  in- 
stance,   is    that   of   l)rin,!;in.ii:   the 
moving"  half  circU'  wliich    forms 
one  end  of  the  hridi^e.  into  such 
a    plan    that    the    counterbalance 
will  he  aslit^ht  as  possible  and 
.still   he  eflicient.      To   return   to 
the  walkin.u:  stick,  it  is  the  prob- 
lem of  fastenincf  weij.,dits  to  the 
handle   in   such   a   way   that   the 
cane  will  rise  at  the  touch  of  a 
fini^er.       The     brid.e^e     comiter- 
weight  is  made  of  blocks  of  cast 
iron,  although  some  bridges  be- 
ing built  in  the  \\'est  have  hol- 
low  iron  boxes  filled  with  con- 
crete,    because     it     is     a     little 
cheaper.     In    winter,    when    the 
bridge  is  covered  wdth  snow  and 
ice     another     ton     or     two     of 
counterweight  may  have   to  be 
added     to     balance     the     extra 
weight.    The  blocks  for  this  pur- 
pose are  of  such   size  as  to  be 
easily  handled  by  two  men  with 
a    tackle.     All    the    blocks    are 
bolted  on  to  the  structural  work. 
They  have  to  be  placed  so  as  to 
avoid  any  tendency  to  twist  or 
warp  the  bridge  and  they  must 
not  be  allowed  to  come  down  far 
enough  to  dip  into  the  salt  water, 
whicli    would   corrode   them,    or 
to  strike  against  the  ice,  which 
is  often  two  or  three  feet  thick. 

Bridges  on  the  New   Haven 
System 

Of  the  two  bridges  already  in 
operation  in  the  Xew  Haven  sys- 
tem, the  Fort  Point  Channel 
bridge,  in  Boston  was  built  in  an 
erect  or  "open  position"'  and 
when  finished  it  w^as  lowered  to 
a  closed  position.  Conditions 
w-ere  such  that  it  was  necessary 
to  counterbalance  this  bridge  for 
a  half-open  position,. and  when 
closed  it  is  locked  down.  AMien 
released  the  bridge  rises  to  an 
angle  of  45  degrees  and  remains 
there.  The  moving  portion  of  the 
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bridge  weighs  5,000,000  pounds,  includ- 
ing the  counterweight.  The  counter- 
weight is  placed  on  top  of  the  circle  be- 
cause the  center  of  gravity  could  not  be 
preserved  otherwise  and  let  the  counter- 
weight clear  the  water. 

There  is  an  electric  motor  for  each 
two-track  bridge  of  which  there  are  three 
with  six  tracks  in  all,  and  about  50  horse 
power  developed — but  probably  only 
about  one-fifth  of  it  is  used. 
Sometimes  this  bridge, 
when  released,  has  been 
knowm  to  come  away  open 
when  a  southeasterly  wind 
was  blowing.  At  times  the 
wind  exerts  a  pressure  on 
a  raised  bridge  so  as  to  re- 
quire double  or  triple  the 
power  needed  for  running 
it  on  calm  days. 

The  bridge  over  Peguon- 
noc  River  at  Bridgeport, 
Conn.,  was  built  in  1901-2. 
It  is  what  is  called  a  half- 
through    girder    structure, 


sonry  of  the  pier.  In  this  case  a  deep 
pit  had  to  be  made  in  the  pier  to  allow 
the  counterweight  to  swing  down  into  it. 
The  pit  reaches  16  feet  below  high  water 
mark  and  is  about  22  or  23  feet  wide, 
extending  the  whole  width  of  the  bridge. 
The  relation  of  the  weight  of  the  counter- 
weight to  that  of  the  moving  portion  of  a 
bridge  is  variable.  At  Bridgeport  it  is  a 
little  over  50  per  cent  of  the  weight  of 
the  bridge  or  about 
one-third  of  the 
whole.  The  Bridge- 
p  o  r  t  counterweight 
weighs  I  ,100,000 
pounds,  and  the  whole 


SCHERZER  ROLLING-LIFT  BRIDGE  OVER  CUYAHOGA  RIVER,  CLEVELAND.  OHIO. 

Newburgh  &  South  Shore  Rail waj'.  ~  Bridge  open. 


"half  through"  meaning  that  the  track  is 
placed  half  way  up  in  the  fabric,  which 
is  done  to  save  depth  of  structure  and 
give  more  clear  height  over  the  water. 
Otherwise,  too,  it  might  be  necessary  to 
raise  the  track  approaches  for  a  long  dis- 
tance back,  which  would  cause  enormous 
expense. 

The  whole  length  of  the  Bridgeport 
bridge  is  3,000  feet — that  of  the  moving 
portion  about  126  feet.  There  are  four 
tracks  carried  on  two  double-track  sepa- 
rate structures.  The  circle  runs  on  a 
heavy  steel  track  embedded  in  the  ma- 


structure,   including    counterweight,    3,- 
200,000. 

With  the  coming  of  these  modern 
bridges,  the  old  time  drawtender  has  dis- 
appeared. In  his  place  is  a  man  who  does 
his  work  with  the  assistance  of  many 
mechanical  aids. 

Method  of  Operating 

To  open  and  close  the  draw — that  is.  to 
raise  and  lower  the  bridge — electric  mo- 
tors are  used  at  Fort  Point  and  at  Bridge- 
])ort.  Electricity  is  preferred  when  a 
bridge  is  near  a  city,  because  it  can  then 


IM 


THil   TP.CHXIC.U    WORLD   MAGAZINE 


be  ol)tainc«l  cljcaply.  but  in  isolatitl  pl.n rs 
fjasolinc  oni^iucs  arr  pritVraliU-.  I  lu- 
|H)\vcr  is  applied  by  an  ■"tipiratiiii;  strut" 
whiclj  lakes  buKl  t>f  tlic  rolling;  oinK-  at 
alKUit  the  center  ami  is  pulled  back  by  a 
rack  and  pinion  as  one  pulls  a  carriatje 
wheel  by  the  shaft.  There  is  a  special 
framework  to  fasten  it  on.  for  the  strain 
is  very  jjreat.  the  inertia  havini^  first  to 
he  (nverct^nie.  and  seciMiilly  the  wind  pres- 
sure when  the  bridi^e  is  up.  which  iiia\  In- 
heavy. 

To  o|>cn  a  bridijc.  the  operator  upon  it 
calk  up  the  men  in  the  towers  at  either 
end  and  all  three  have  to  co-operate  to 
release  the  locks  and  each  man's  sicfuals 
have  got  to  work  properly.  To  fasten 
down  the  free  end  a  lartje  steel  bolt  is 
let  20  feet  into  the  masonry.  On  the 
bridge  itself,  is  fastened  a  lock  which 
shuts  \\\MM\  and  clasps  the  end  of  the  rod 
when  the  bridge  is  forced  di>\vii  liy  tlic 
motor. 

Safety  Devices 

.Absolute  safety  against  accident  is  se- 
cured bv  the  fact  that  all  the  machincrv 


for  (ipniliiL;  and  closinj;'  the  bridqws  is 
tied  up  with  tlie  regular  system  of  track 
signalling.  .\  draw  cannot  be  opened  if 
the  signals  are  set  at  danger,  so  that  it  is 
ini])<)ssil)le  for  a  train  to  i)lunge  through 
an  open  (haw  .  1  i  an  engineer  should  dis- 
regard ;iii(l  run  by  danger  signals,  his 
engine  woidd  l)i>  thrown  off  the  irack  by 
the  .same  derailing  device  which  is  used 
near  switches  in  large  yards. 

The  bridge  operator's  little  house  is 
provided  wilh  all  kinds  of  electrical  aj)- 
])lianccs  to  show  him  when  the  bridge  is 
nearly  open  or  nearly  closed,  or  entirely 
opened  or  entirely  closed  and  whether  tin- 
lock  catches  on  the  rod  or  not — and  all 
without  his  seeing  the  bridge  itself. 

The  Xcw  ITavcn  system  was  among 
the  first  American  railroads  to  adopt  the 
new  type  of  bridges  and  the  millions 
spent  ui)on  this  construction  will  do  much 
to  enable  the  New  York,  New  Haven  and 
1  lartford  to  live  up  to  its  reputation  as  a 
model  American  railway,  combining  the 
safety  which  is  charactcri.stic  of  English 
roads  w^ith  the  frec|ucnt  and  rapid  service 
which  is  distinctively  American. 


Hope 


ly^ID  dissonance  and  clamor 
*-^*-  I  hear  her  singing  still — 
"The  mist  may  cloud  the  meadow, 
But  sunlight  crowns  the  hill !" 

— E.  N.  Lyon  in  Everybody's  Magazine. 


Oxen   Cavalry 


A  Unique    Military  Body  in    lyladagascar 


By   M.   GLEN    FLING 


OFF  the  east  coast  of  Africa  under 
the  rule  of  Madagascar  officials, 
is,  by  all  odds,  the  strangest  mili- 
tary body  in  the  world.  Thirty- 
five  swarthy  cavalrymen,  armed  formid- 
ably, sit  on  35  stoical  oxen  harnessed  for 
battle,  and  the  70  men  and  beasts  make 
a  spectacle  not  quickly  forgotten  as  they 
go  through  their  maneuvers  with  pleas- 
ing precision. 

The  Honorable  J.  G.  Gallieni,  Govern- 


The  natives  who  man  these  queer 
i)easts,  so  unlike  the  Arabic  steed  famed 
in  song  and  story,  arc  known  as  the 
Sakalovas  and  are  the  most  warlike  tribe 
in  the  country.  Until  this  oxen  cavalry 
was  organized  it  was  found  impossible  to 
drill  them  in  military  work  or  to  organize 
them  into  a  protective  body  amenable  to 
military  discipline. 

Xow  they  gather  each  morning  and 
with   all   the   civilized    soldier's    love    of 


STRANGEST  CAVALRY  IN  THE  WORLD. 


or-General  of  ^Madagascar,  instigated  this 
innovation  in  African  warfare,  and  Lieu- 
tenant Sluzansky  of  Saint  Marie  de  Mor- 
vay,  a  province  just  outside  of  Madagas- 
car, was  put  in  charge  of  the  corps.  He 
had  been  trained  with  the  French  troop- 
ers who  use  oxen  for  mounts  and  it  was 
not  long  before  he  had  his  corps  of  na- 
tives well  drilled  not  only  for  military 
duty  but  for  police  work.  Thus  this 
unique  cavalry  serves  a  double  purpose. 


promptness  and  obedience  to  commands, 
go  through  their  picturesc[ue  drills  and 
then  canter  off  to  camp  or  to  police  pa- 
trol duty. 

Armed  with  modern  long  handled 
lances,  or  spears,  and  side  arms,  sitting 
at  attention,  the  straight  sharp  horns  of 
the  oxen  pointing  directly  in  front,  they 
appear  a  foe  to  win  respect  in  any  land. 

Their  uniforms  are  khaki  and  on  their 
heads  they  wear  tight  fitting  skullcaps. 
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Tlicsc  semi-savaRC  soUlicrs.  just  Uartiiiii^ 
the  nuliiucnts  of  "civili/cd  warfare"  ride 
Itarcfootctl.  without  stirrui)s.  siltinj;  on 
their  etinipmcnt.  citichod  like  a  saddle. 
with  cords  matle  of  native  fibre  plant,  and 
a  stirt  of  bridle  of  cord  passint,^  tliron.udi 
the  Jiose  of  the  beast. 

The  oxen  are  neither  slow  nor  easily 
frightened,  and  they  have  proved  most 
intellijicnt.  learning;  their  |)art  of  anny 
hfe  with  remarkable  rapidity  and  takinjj 
to  it  as  naturally  as  a  reijular  veteran 
charger.  They  are  powerful  beasts  and 
jjossess  great  fortitude  and  endurance. 
lacking  fear  in  battle  ami  advancing  with 
great  speed  upon  an  opposing  army,  their 
horns  pointing  forward,  they  would 
create  great  havoc  among  horse  cavalry. 

The  oxen  are  much  prized  by  the  na- 
tives and  by  the  officials  as  well.  They 
are  given  csj^cial  care,  each  native  hav- 
ing in  his  charge  but  two,  a  regular  and 
a  relief.  When  a  regular  has  been  pcr- 
fomiing  scout  or  police  duty  during  the 
night,  the  relief  is  used  in  the  morning 
roll  call  and  drill  and  is  sent  on  duty 
iluring  the  day.  Thus  they  are  never 
over-worked  and  are  always  in  excellent 
condition  for  emergency  work. 

They  soon  learn  to  res])ond  of  their 
own  accord  to  the  bugle  call  and  it  is  not 
unusual  for  a  well-trained  ox  to  trot  off 
to  roll  call  unmounted  if  its  owner  hap- 
pens to  be  over-sleeping. 

Charging  with  heads  lowered  is  part 
of  the  drill  and  an  exciting  part  too,  for 
the  on-looker.  Thirty  mounted  natives 
seated  upon  their  oxen  stand  at  attention 
some  hundred  feet  apart  from  30  more 
natives  similarly  mounted.  At  the  given 
signal  they  rush  at  each  other,  the  oxen 
with  their  heads  lowered  ready  to  strike, 
the  natives  with  their  spears  grasped 
firnily  and  eyes  fixed,  on  oncoming  "fee." 
They  come  to  a  sudden  halt  about  3  feet 
apart,  wheel,  and  canter  back  to  position, 
where  they  right  about  face  and  make 
ready  for  the  second  charge. 

To  one  watching  it  seems  as  though  the 
two  corps  must  of  a  certainity  go  crash- 
ing into  each  other  and  this  is  what  some- 
times does  happen  in  the  early  drills. 
These  accidents  never  result  in  serious 
mishaps,  however,  and  amid  great  yelling 
of  natives,  sounding  of  bugles,  snorting 
and  stan-iT)iTTcr  nf  oxen  the  cavalrv  is  al- 


\\a\s  brought  back  into  position,  and 
order  is  once  more  wrought  out  of  chaos. 

The  natives  soon  learn  to  nioimt,  vault, 
dismount,  wheel,  etc.,  and  the  oxen  are 
never  many  lessons  behind  them.  ibiee 
moiUhs  is  the  time  allowtd  in  tlir  traiiiiiiL; 
of  this  cavalry  and  tlu-y  are  always  rcadx 
for  I'xbibition  drill  at  the  end  of  that  time. 

These  strange  war  horses  retpiire  no 
peculiar  kind  of  food,  feeding  on  greens 
as  tlo  o.'ittle  in  the  fields,  and  their  cost  is 
moderate,  a  beautiful  ox  Ix-ing  sold  for 
from  10  to  12  dollars,  and  their  keep  is 
but  a  small  item. 

Xot  only  for  army  ])iu"i)()ses  and  ])olico 
duty,  however,  are  they  used  in  Mada- 
gascar where  horses  cannot  be  had  for 
love  nor  money.  Traveling  is  very  ])re- 
carious  throughout  the  island  and  trans- 
portation is  a  difificult  problem.  Except 
l)y  using  the  chair  and  carrier  a  traveler 
has  no  means  of  going  from  one  point  to 
another  and  for  a  trip  of  any  distance  an 
ordinary  size  person  is  obliged  to  employ 
eight  carriers  at  the  cost  of  12  francs  or 
$2.40  daily,  which  makes  a  journey  of 
any  length  an  expensive  luxury.  The 
same  cost  is  attached  to  the  transporta- 
tion of  goods  from  point  to  point  by  car- 
riers. 

Xow  with  the  well-trained  oxen  which 
can  carry  in  addition  to  one  person  a 
number  of  pounds  of  merchandise  and 
go  at  a  lively  rate  for  25  or  30  miles  a 
day  the  cost  is  lessened  considerably  and 
when  a  wagon  is  used  by  the  traveler  he 
finds  his  comfort  greatly  increased. 

The  saddle  horse  is  still  scarce  in 
Madagascar,  those  imported  there  weaken 
very  rapidly  for  some  cause  yet  unknown 
and  soon  become  incapable  of  giving 
good  service.  As  to  the  breeding  of 
horses  in  the  country  on  the  central 
plateau  it  is  too  difficult  and  too  expensive 
to  be  undertaken. 

The  mule  which  gives  inappreciable 
service  to  the  person  who  employs  it  is 
too  high  in  price  for  general  road  service 
and  is  consequently  very  little  used  on  the 
island.  These  conditions  created  the  ne- 
cessity which  w^as  mother  to  the  plan  to 
utilize  the  Madagascar  ox,  which  was 
found  to  be  vigorous  and  agile,  able  to 
go  great  distances  and  capable  of  being 
trained,  to  draw  a  wagon. 

Numerous  efforts  made  b\-  the  Euro- 
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peans  and  the  natives  have  given  satis- 
factory results,  and  actually,  it  is  not  rare 
to  meet  in  the  country,  natives  mounted 
on  their  oxen,  fast  asleep,  the  beasts 
plodding  along  with  precious  burdens  for 
port  as  v.'ill  a  well-trained  horse  when 
left  to  himself. 

It  will  be  readily  seen  that  an  ox  car- 
rier which  can  travel  from  25  to  30  miles 
daily  carrying  a  person  and  a  burden  and 


which  can  go  everywhere  through  all 
kinds  of  roads  or  woodland,  and  which 
costs  much  less  both  in  money  and  care 
than  a  horse  or  a  mule,  is  a  precious  and 
advantageous  resource  in  a  country  with- 
out railroads.  It  is  no  over-drawing  of 
facts  then  to  say  that,  besides  being  the 
strangest,  this  oxen  cavalry  is  also- the 
most  useful  in  the  World  on  account  of 
the  various  services  it  performs. 


^&^- 


An  Alcohol  Locomobile 

A  Unique  Type  of  Machine  Using  Alcohol  as  Fuel  and  Having  a  Precision 
of  Regulation  Obviating  All  Danger  of  Loss  of  Control 


By  ARTHUR  GRANT 


AN  alcohol  locomobile  embodying 
numerous  unique  features  is  be- 
ing designed  according  to  the 
patents  of  a  German  inventor, 
Mr.  Altmann,  by  the  Machine  Shops  of 
J.  E.  Christoph,  of  Niesky,  near  Gorlitz, 
Germany.  The  machine  was  exhibited 
together  with  some  alcohol  motors  built 
by  the  same  firm,  at  the  International 
Exhibition  for  the  Utilization  of  Alcohol 
and  the  Fermentation  Industries,  held  in 
A'icnna  this  year,  where  they  scored  the 
great  gold  medal.  As  the  governing  of 
both  the  stationary  and  locomobile  mo- 
tors is  effected  with  a  precision  of  regu- 
lation analogous  to  that  of  steam  en- 
gines, they  are  exceptionally  well 
adapted  for  use  in  connection  with  elec- 
trical plants. 

As  regards  the  alcohol  locomobile,  this 
was  designed  on  the  principle  of  prevent- 
ing, as  far  as  possible,  any  running  parts 
— such  as  the  cylinder,  pistons,  cranks, 
toothed  wheels,  etc. — from  becoming 
dirty.     To  this  effect,  the  engine  frame 


is  given  the  shape  of  a  completely  closed 
trough,  of  pleasing  form.  On  both  sides 
of  this  trough,  there  project  only  the  two 
axle  ends,  bearing  the  fly  wheels  that  are 
designed  as  belt  discs.  The  trough  is 
opened  at  a  moment's  notice  by  loosening 
three  screws,  when  all  the  gear  is  at  once 
disengaged  and  free  to  be  readilv  exanir 
ined  and  adjusted. 

The  automatic  regulation  of  the  motor 


Altmann  Alcouul  Ll 
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durinp  o|>cration.  as  illustrated  in  Fifjs. 
3  an<!  4.  is  intended  for  supjilyingf  to  the 
motor  rejjularly  the  amount  of  alcohol 
just  sufticient  for  the  actual  enerj^y  re- 
quirements, without  any  sensitive  pump 
bein.cf  used. 

The  poverninq-  is  further  so  desij^ned 
as  to  maintain  tlie  mixture  ratio  between 
the  alcohol  and  combustion  air  at  i)erma- 
nent  fijj^ures.  thus  insurin;^  a  high  uni- 
fonnity  in  working,  along  with  a  con- 
sumption of  alcohol,  for  half  or  one- 
quarter  loads,  so  low  as  was  impossilile 
with  previous  types. 

The  alcohol  valve  2  is  moved  simul- 
taneously by  the  inlet  valve  lever  i, 
pressing  with  the  surface  9  on  the  lever 
10,  fitted  with  a  regulating  screw  and 
opening  the  alcohol  valve  through  the 
rotating  rod  11  and  the  lever  12.  The 
rod  II  is  connected  by  the  lever  13  to  the 
throttling  valve  6,  and  is  displaced 
through  the  regidator  by  means  of  the 
lever  19,  when  the  throttling  valve,  and 


at  the  same  lime  llie  stmki-  of  the  alcohol 
valve,  are  altered.  TIk-  surface  i)  at  the 
steering  lever  is  Iwc  !<•  rotate  about  {\\v 
bolt  14,  and  susceptible  of  biing  lifted  or 
lowered  by  means  of  a  screw  15.  In  the 
case  of  the  rri;nlaloi-  iS  l)eing  in  its  low- 
est position,  the  thi-ottling  valve  6  is 
opi-ned  the  widrst.  and  tlic  li'ViT  lo  re- 
moved   the    farthest     from    the    rotating 


fiG.  3.    Alcohoi,  Motor.— Details  of  Governor. 


Fig.  4.    Alcohol  Motor. — Details  of  Governor. 

point  of  the  lever  i,  when  the  stroke  of 
the  alcohol  valve  would  accordingly  be 
greatest.  In  the  case  of  the  motor  run- 
ning too  rapidly,  the  regulator  will  rise, 
when  the  throttling  valve  becomes  more 
nearly  closed  and  the  alcohol  valve  allows 
less  alcohol  to  pass.  The  mixing  ratio 
between  the  air  and  alcohol  will  accord- 
ingly always  remain  the  most  suitable 
for  securing  a  perfect  combustion.  In 
the  highest  position  of  the  regulator,  the 
throttling  valve  being  closed,  the  alcohol 
valve  will  not  open  at  all,  whereupon  the 
motor  is  no  longer  ignited,  thus  avoiding 
any  possibility  of  loss  of  control  of  the 
motor. 

By  using  an  intermediate  gearing  in 
connection  with  the  locomobile,  any  ma- 
chines worked  by  the  .same  can  be 
thrown  out  of  gear  quickly  and  safely 
without  stopping  the  motor,  thus  avoid- 
ing the  dangerous  connecting  and  dis- 
connecting of  the  belt  in  the  course  of 
operation.  A  crank  fitted  to  the  motor 
allows,  when  mounted  on  the  interme- 
diate shaft,  of  the  motor  being  started 
by  a  single  man.  As  the  locomobile  is 
fitted  with  a  .special  vaporization  cooling. 
the  consumption  of  water  is  reduced  to 
a  minimum,  that  is,  about  i  liter  (slightly 
over  I  quart)  per  horse-power  hour. 


Small  Motors  in  Po^sver  Plants 

The  Gro-wintf  Use  of  Motor-Driven  Auxiliaries  and  Tools 


By  HOWARD  S.  KNOWLTON 

Electrical  Engineer 


THE  use  of  small  motors  in  power 
plants  is  a  feature  of  modern 
practice  which  has  been  carried 
much  farther  than  is  generally 
realized ;  and  although  there  appears  to 
be  no  limit  to  the  commercial  applications 
of  both  belted  and  direct-connected  mo- 
tors, the  variety  of  ways  in  which  the 
smaller  sizes  are  now  being  adapted  to 
power-house  work  deserves  special  men- 
tion. 

The  economy  of  motor-driven  power 
plant  equipment  depends,  to  a  certain  ex- 
tent, upon  the  higher  efficiency  of  the 
electrical  method  contrasted  with  the 
performance  of  steam-driven  outfits,  but 
to  a  larger  degree  upon  its  greater  labor- 
saving  power.  Although  the  labor  cost 
in  the  production  of  a  kilowatt  hour  at 
the  switchboard  seldom  exceeds  20  or  25 
per  cent  of  the  total  cost  of  manufacture, 
there  is  no  doubt  that  this  total  cost  is 
more  than  proportionally  reduced  by  the 
use  of  motor-driven  equipment,  particu- 
larly in  the  more  inaccessible  places.  It 
must  not  be  forgotten  that  a  saving  in 
labor  releases  that  labor  for  effective  use 
in  improving  the  operation  of  some  other 
part  of  the  plant,  and  this  means  more 
inspection  for  the  same  money. 

Convenience  in  operation  is  far  more 
important  in  these  days  of  plants  which 
frequently  contain  a  million  dollars' 
worth  of  machinery  under  a  single  roof, 
than  it  was  in  the  old  times  of  small  units 
and  correspondingly  low  outputs.  The 
responsibility  resting  upon  the  attendants 
is  greater,  and  the  necessity  of  eliminat- 
ing disturbing  conditions  is  imperative. 
The  remote-control  switchboard  is  a 
good  illustration  of  the  tendency  of  the 
times  in  this  respect.  Another  example 
is  found  in  the  use  of  direct  and  alternat- 
ing motors  for  the  opening  and  closing 
of  heavy  valves.  In  the  Kingsbridge 
plant  of  the  New  York  City  Railway 
Company,  each  engine  exhaust  pipe  is 
provided  with  a  motor-operated  30-inch 


gate  valve,  the  motor  wires  being  carried 
to  a  control  on  the  engine  platform  near 
the  throttle  valve,  synchronizing  lamps, 
pressure  gauges,  etc.,  so  that  the  engineer 
can  start,  stop,  synchronize,  or  put  in 
service  any  one  of  the  generating  units 
with  or  without  the  use  of  the  condenser. 
In  the  plant  at  Portsmouth,  N.  H.,  which 
supplies  power  to  the  system  of  the  New 
Hampshire  Traction  Company,  motor- 
driven  exhaust  valves  are  used  with  the 
greatest  convenience,  a  valve  equipped 
with  a  geared  3-horse  power  motor  clos- 
ing in  20  seconds,  with  a  30-inch  fall  of 
the  spindle,  against  at  least  5  or  6  min- 
utes by  hand.  Direct-current  motors  are 
used  on  the  engine  room  valves  in  this 
station,  but  the  valve  of  the  exhaust  pipe 
located  near  the  roof  of  the  boiler  room 
is  opened  and  closed  by  an  induction  mo- 
tor which  is  started  by  being  thrown  di- 
rectly across  the  line  at  a  knife  switch  in 
the  basement.  It  is  obvious  that  such  ar- 
rangements do  away  with  much  time 
wasting,  climbing  of  ladders  and  stair- 
ways, to  say  nothing  of  the  time  of  man- 
ual operation. 

An  important  application  of  the  induc- 
tion motor  is  in  connection  with  emer- 
gency valves  in  high  pressure  mains.  In 
the  event  of  an  explosion,  fire,  or  other 
sudden  catastrophe  it  is  often  immensely 
important  to  immediately  cut  ofif  steam 
from  the  engine  room,  and  if  a  station  is 
thus  equipped  for  the  remote  control  of 
high  pressure  lines,  the  work  can  be  done 
even  though  the  valves  be  surrounded 
by  clouds  of  escaping  steam  in  which  no 
human  being  could  operate.  The  idea 
has  somehow  gained  ground  of  late  that 
direct-current  motors  are  unreliable  for 
this  duty,  and  for  this  reason  the  practice 
of  installing  electrically-controlled  valves 
has  not  been  as  extensive  as  the  ad- 
vantages warrant.  In  view  of  the  suc- 
cess of  the  induction  motor  in  moist  and 
dusty  locations  the  problem  is  now  a  sim- 
ple one  in  alternating  current  stations. 
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The  iiuluction  motor  has  of  late  at- 
tained a  wiilc  use  in  driving  cconi)nii/.or 
scmjK*rs.  ciKd  crxjshers.  anil  c«invcvors. 
For  thi-  >   tlio  sinjiU'-actinj;;  steam 

cnj;ino  r  (voniuny  indeed,  and 

its  '  1  in  cases  where  the 

exi'  I'O   turned    into    the 

heatmj;  system  and  st»me  ,tjottd  pn)|)or- 
tiun  of  the  wasted  heat  units  recovereil. 
Coal  dust  makes  for  tryintj  conditions 
of  motor  o|H*ration.  ami  the  absence  of 
the  commutator  is  a  stronj^  point  in  favt)r 
of  the  induction  type  for  such  work. 
Whether  the  motor  selected  he  of  the 
diri'ct  or  altcrnatinij  current  variet\ , 
s|>«vial  care  should  he  taken  to 
s|H*cify  the  enclosed  type,  and  the  dcsijjn 
of  the  iK'arings  shoidd  he  such  as  to  pre- 
clude the  admission  of  dirt  from  ontsidc. 
Motor  tirivcn  coal  hoists  are  now 
rapidly  replacinj^  the  donkey  entwine  in 
the  ccxil  towers  of  modern  power  plants. 
and  designs  arc  available  to  meet  the 
widest  variety  of  conditions.  In  the  Man- 
chester Street  station  of  the  Rhode  Island 
Company  at  Providence,  a  25-horse- 
p<iwer  motor  easily  lifts  half  a  ton  of  coal 
I)cr  minute  from  the  barges  to  the  tower, 
^16.5  feet  above  grade.  The  coal  and  ash 
conveyor  in  this  station  is  driven  by  a 
i5diorse-powcr  motor;  the  convevor 
chain  changes  its  direction  eight  tiines, 
contains  270  buckets,  and  is  about  630 
feet  in  total  length. 

At  Springfield,  Mass..  an  old  street 
railway  motor  is  used  for.  turning  the 
heavy  flywheel,  shaft,  and  armature  of  a 
3.000  kilowatt  unit,  and  the  arrangement 
has  proved  most  convenient  in  the  work 
of  cleaning  the  outfit  by  compressed  air, 
turning  or  smoothing  down  the  commu- 
tator, setting  valves,  etc.  Incidentally 
the  motor-driven  air  compressor  is  su- 
perseding the  old  steam  operated  locomo- 
tive equipment  in  up-to-date  plants,  and 
the  gain  in  efficiency  is  striking.  Engine 
stops  and  oil  switch  trips,  depend  upon 
the  small  motor  in  some  of  the  latest 
designs.  Motors  are  also  used  for  alter- 
ing the  tension  of  steam  turbine  governor 
springs,  which  enable  the  speed  of  the 
machines  to  be  varied  from  the  switch- 
board by  remote  control.  At  Zanesville, 
Ohio,  the  Lombard  51 -inch  vertical  shaft 
water  wheel  governors  in  the  plant  of  the 
Zanesville  Raihvay,    Light    and .  Power 


Company  arc  fitted  with  small  motors 
which  enable  liie  govenior  |)ist<ins  to  he 
remotely  controlled  fidiii  (he  suiuli- 
lH)ard.  The  direct  operation  of  turbine 
gates  by  electric  ])ower  has  received  at- 
tention lately,  although  the  hydraulic 
method  i)rohal)Iy  will  not  soon  be  dis- 
carded. 

.Motor-driven  fans  are  now  seen  in 
many  installations,  varying  from  the  desk 
types  in  use  in  the  offices  of  chief  en- 
gineers through  the  larger  blowers  em- 
ployed to  render  the  boiler  room  more 
habitable  in  the  hot  season  to  the  fans 
used  in  cooling  tower  work.  In  the  At- 
lanta station  of  the  Georgia  Railwav  and 
I'^lectric  Company,  each  cooling  tower  is 
equipped  with  two  108-inch  fans  driven 
by  a  50-horse-power  motor,  which  i)rac- 
tically  marks  the  limit  of  "small"  motor 
applications,  with  the  exception  of  ex- 
citer outfits.  Standard  practice  now  ap- 
proves the  use  of  the  motor-driven  ex- 
citer for  steady-  operation  at  high  effi- 
ciency, steam  driven  exciters  being  used 
only  in  starting  the  plant  or  in  the  rare 
emergency  of  a  breakdown  in  the  motor- 
generators. 

Although  opinions  vary  considerably 
as  to  the  wisdom  of  driving  condenser 
pumi)s  by  electric  motors  the  practice  cer- 
tainly appears  to  be  gaining  ground.  The 
admirably  designed  10,000-kilowatt 
turbo-alternator  plant  of  the  Old  Colony 
Street  Raihvay  Company  at  Ouincv, 
Mass.,  illustrates  a  w'kXq  use  of  motor- 
driven  auxiliaries ;  in  Oakland,  Cal.,  each 
circulating  pump  of  the  doul)le  inlet  cen- 
trifugal pattern,  9-inch  suction  and  8-inch 
discharge,  is  direct  driven  by  an  i8-horse 
power  500  volt  motor,  and'  each  of  the 
triplex  air  pumps  used  in  connection  with 
the  condensers  is  gear-driven  by  a  motor 
of  the  same  size.  As  long  as  everything 
goes  well  the  superior  efficiency  of  the 
motor  drive  commends  itself,  but  on  the 
score  of  operating  simplicity  and  freedom 
from  shut-downs  the  steam  driven  pump 
is  favored  by  many  engineers.  If  the  ex- 
haust steam  from  the  pumps  is  used  for 
heating,  the  economy  of  the  motor  drive 
is  not  so  apparent. 

Every  modern  power  house  should  be 
equipped  with  a  small  machine  shop 
w'here  emergency  repairs  can  be  made 
quickly,  and  it  goes  without  saying  that 
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the  tools  should  be  motor  driven.  It  is 
doubtful  if  the  expense  of  installing  di- 
rect connected  motors  for  this  class  of 
shop  work  is  warranted,  for  the  produc- 
tion is  almost  always  irregular  on  account 
of  the  odd  jobs  in  the  way  of  repairs 
which  need  to  be  done. 

Unless  the  variety  of  lathes,  grinders, 


drills,  etc.,  is  very  great  a  single  motor 
will  drive  the  entire  outfit  by  line  shaft 
and  belt  with  sufficient  economy  for  the 
purpose  in  hand,  but  the  motor  ought  to 
be  specially  designed  for  constant  speed 
work,  instead  of  employing  an  inefficient 
street  car  motor  a  decade  or  two  beyond 
its  prime. 


AL 


esson 


i   /^IGH  up  upon  the  mountain 
y\  G  A  tiny  blossom  gre-w, 

"a  ▼       ^Vith  soft,  sweet,  velvet  petals 
And  little  keart  of  blue; 
A  hot  and  rocky  cranny 
The  only  soil  it  kne^v. 

And  yet  it  never  murmured. 

There  on  its  sterile  height. 
But  glorified  the  crevice 

That  patience  made  so  bright. 
In  summer's  golden  daytime 

Or  winter"  s  silver  night. 

No  life  is  all  so  barren 

But  some  green  spot  is  there. 

Some  memory  its  perfume. 
Some  hope  that  makes  it  fair. 

And  sheds  its  sweet  aroma 
Around  it  like  a  prayer. 


And  yet  another  lesson 

That  I  have  not  forgot: 
AV^e  each  may  shed  a  glory 

About  some  desert  spot 
And  feel  a  new  contentment, 

^A^hatever  be  our  lot. 

—  Maurice  Smiley,  m  Four-Track  News. 


CENTRAL  TUDB  STATION  OF  NEW  YORK  LIFE  INSURANCE  COMPANY.  NEW  YORK  CITY. 


The  Pneumatic  Carrying  Tube 

A  Rival  of  the  Telegraph  in  Intra-Urban  Service 


By  MINNIE  BUDDE 


G<  )(  )D  BYE  to  the  old-fashioned 
ir.ail  wagon!  Also  to  the  street- 
railway  mail  car,  and  to  the  time 
when  one  had  to  wait  a  day  or 
longer  for  a  reply  after  mailing  a  letter 
to  a  person  in  the  same  city.  Those  days 
and  slothful  customs  are  passing,  and 
will  soon  be  as  nearly  forgotten  as  are 
the  times  of  the  old  stage  coach  and 
horse-relay  mail.  The  advent  of  the 
pneumatic  tube  is  at  hand. 

Shooting  a  letter  from  one  end  of  the 
city  to  another,  and  getting  a  reply  in  an 
hour  or  less,  will  soon  be  common  prac- 
tice. This  is  already  done  to  a  limited 
extent,  and  Uncle  Sam  is  now  busy  let- 
ting contracts  and  preparing  for  the  work 
of  laying  pneumatic  tubes  in  all  the 
greater  cities  of  America.  In  Chicago 
the  contract  has  been  let  for  stretching 
the  tubes  along  through  the  tunnels  that 
are  now  being  dug  to  extend  to  all  parts 
of  the  city.    In  Xew  York,  Boston,  and 
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J  'hiladclphia  the  pneumatic  mail  service 
will  be  in  regular  operation  before  many 
more  years.  Not  only  this,  but  in  thickly 
settled  sections  such  as  are  found  in  the 
I'^ast.  the  tubes  will  extend  from  city  to 
city,  so  that  a  person  can  shoot  a  letter 
from  one  town  to  another  and  receive 
an  answer  while  he  waits. 

When  these  things  come  about,  the 
telegraph  companies  will  have  to  aw^ake 
from  their  slumbers  and  exert  them- 
selves, 01*  they  will  find  Uncle  Sam  mak- 
ing large  inroads  into  their  business.  It 
is  probable  that  the  telegraph  companies 
have  already  tarried  too  long.  They  have 
been  content  with  their  revenue  and  their 
widespread  reputation  of  being  quite  too 
lethargic,  until  the  people  have  now 
found  what  threatens  to  be  a  quicker  and 
more  satisfactory  method  of  transmitting 
messages  between  local  points.  One 
English  tourist  who  visited  the  United 
States  a  short  time  ago,  went  back  and 
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praised  the  country  in  all  respects — ex- 
cept the  street  pavements  and  the  tele- 
graph and  mail  services,  which  he  de- 
scribed as  being  an  intolerable  abomina- 
tion. Most  Americans  have  been  led  to 
believe  their  mail  service  the  most  effi- 
cient in  the  world,  but  those  who  have 
traveled  abroad  know  better. 

The  fact  is,  that,  even  after  we  get  our 
pneumatic  tube  mail  system,  with  its 
seeming  fairy-like  facilities,  we  shall  be 
no  further  advanced  than  is  London,  En- 
gland, right  now,  nor  than  London  has 


service  between  great  commercial  houses 
whose  business  interests  are  closely  al- 
lied ;  and  the  tubes  have  connected  these 
houses  with  the  postoffice  and  telegraph 
companies  and  other  headquarters  of 
public  service.  The  newspapers  of  Chi- 
cago are  all  connected  by  pneumatic 
tubes  with  one  another  and  with  the  city 
press  bureau ;  and  the  same  conveniences 
are  enjoyed  in  New  York  and  Philadel- 
phia. But  the  people  in  general  have 
scarcely  known  the  meaning  of  pneu- 
matic tubes.     Now,  however,  the  people 
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been  for  many  years.  Although  Ameri- 
cans lead  the  world  in  most  other  lines  of 
progress,  and  we  have  good  cause  for 
ridiculing  London  as  a  "back  number" 
in  many  ways,  we  have  to  admit  her  su- 
perior advancement  in  these  particular 
lines. 

True  Americans,  too,  have  long  known 
the  convenience  and  economy  of  pneu- 
matic tubes,  but  they  have  been  blessings 
only  within  the  reach  of  big  corporations 
and  great  commercial  establishments. 
For  years  there  has  been  pneumatic  tube 


are  to  enjoy  the  same  conveniences. 
Uncle  Sam  has  come  to  their  rescue  and 
is  to  build  the  tubes  for  them  so  that  they 
may  shoot  their  letters  of  social  or  per- 
sonal affairs  to  their  destination  with  the 
same  expedition  that  the  great  commer- 
cial house  transmits  its  important  busi- 
ness communications. 

The  Postoffice  Department  has  been  in- 
vestigating pneumatic  mail  transmission 
for  several  years,  and,  after  exhaustive 
practical  tests  by  committees  of  promi- 
nent experts,  it    has    definitely    decided 
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FORM  OH  CARRIKR  USED  IN  I'.  S.  MAIL  SKRVICE. 


upon  its  installation.  The  inslallation 
has  already  Ih'cii  nia«k-  t(»  n  limitcil  ex- 
tent in  e'ljicai;o.  Pliiladelpliia.  Boston, 
New  York,  and  St.  Louis,  and  is  in  use 
in  sendin}^  the  mail  from  the  j^eneral 
'ffice  to  snhstations.  This,  of 
.  ;;:>e,  is  but  the  beijinnin.c:  of  an  ideal 
system  for  quick  mail  dispatch.  The 
equipment  will  soon  he  in  universal  op- 
eration in  Chicairo  and  Boston. 

Celerity  and  Continuity  of  Service 
Thi.s  improvement  of  the  service 
through  the  use  qf  pneumatic  tuhes  is  not 
entirely  because  of  the  celerity  of  trans- 
mission, but  also  because  the  service  is 
continuous.  There  is  no  accumulation  of 
mail  anywhere.  The  mail  carriers  are 
darting  through  the  tubes  continuously, 
and  each  piece  of  mail  matter  has  no  rest, 
but  is  practically  in  continuous  transit 
from  the  time  it  is  collected  until  it  is 
distributed. 


Im)!-  instance,  when  the  collector  ar- 
rives at  a  branch  ])ostoflfice,  his  letters  are 
at  once  placed  in  a  carrier,  and  shot 
either  directly  to  the  sul)-postal  station 
at  the  railway  dcjKjt  or  by  way  of  the 
general  ])ostoffice.  These  carriers  are 
coming  and  going  continuously,  instead 
of  waiting  for  a  wagon  load  of  mail  to 
accumulate ;  and,  on  the  arrival  of  the 
train,  in  a  distant  city,  the  mail  is  dis- 
j)atched  to  the  outlying  substation  by 
pneumatic  tube  in  practically  the  time  it 
would  take  to  load  a  mail  wagon.  It  will 
thus  be  seen  that  the  saving  in  time  is 
enormous  and  the  utility  of  the  service 
tremendouslv  increased. 


TERMINAL  OF  PNEUMATIC  CASH-CARRYING  SYSTEM  INSTALLED  IN  DEPARTMENT  STORE. 
An  application  which  led  to  the  development  of  the  pneumatic  tube  system. 


THE    PNEUMATIC    CARRYING    TUBE 


205 


Under  the  old  mail  wagon  method,  the 
mails  had  to  close  in  ample  time  for  the 
wagons  to  make  the  trip  to  the  railway 
station  ;  if,  therefore,  the  mails  closed  one 
hour  before  train  time,  they  will  close 
within  ten  minutes  of  train  time  where 
the  mail  tubes  are  used.  This  difference 
may  mean  much  to  you.  It  may  mean 
that  your  important  letter  will  get  to  its 
destination  twenty-four  hours  earlier 
than  it  would  if  tubes  were  not  used, 
simply  because  it  may  catch  the  mail 
train  to  make  the  proper  connections. 

Under  the  old  system,  mail  deliveries 
were  delayed  because,  when  the  heavily 
loaded  wagons  arrived  at  the  postoffice, 
the  clerks  were  overwhelmed  by  the 
n-.ountains  of  letters  dumped  upon  them 
all  at  once.  With  pneumatic  mail  service, 
the  carriers  begin  to  arrive  at  the  post- 
office  almost  as  soon  as  the  train  rolls 
into  the  station,  and  the  letters  are  being 
read  by  addresses  before  the  mail  wagon 
could  have  made  the  trip. 

In  short  by  the  use  of  mail  tubes,  the 
outlving  sub-postoffice  is  practically 
brought  to  the  door  of  the  railway  mail 
car. 

For  transmitting  mail  to  a  correspond- 
ent in  the  same  city,  the  expedition  of 
the  modern  pneumatic  system  is  still  more 
striking.  One  instance  was  recently  re- 
portedwhere  a  special  delivery  letter  was 
sent  to  a  correspondent  four  miles  away, 
and  an  answer  received  in  a  trifle  over  35 
minutes,  and  this  in  the  ordinary  post- 
office  routine. 

Various  Applications  of  Pneumatic 
Tube  System 

Modifications  of  this  same  system  of 
pneumatic  dispatch  are  in  operation  in 
government  buildings  in  Washington  and 
throughout  the  United  States,  where  they 
are  employed  for  transmitting  memo- 
randa, documents,  etc.,  between  depart- 
ments.     The    same   svstem    is   used    for 


similar  purposes  by  insurance  companies, 
railroad  companies,  packing  companies, 
manufactories,  telegraph  and  telephone 
companies,  hotels,  and  clubs,  and  in  pub- 
lic and  institutional  buildings. 

The  plant  recently  installed  in  the  New 
York  Stock  Exchange  serves  several  tele- 
graph offices  more  or  less  distant.  By 
means  of  an  ingenious  device,  the  air 
pressure  is  so  adjusted  that  it  takes  the 
same  time  for  a  telegram  to  go  to  the 
nearest  office  as  to  the  most  distant,  so 
that  none  has  an  advantage. 

Another  interesting  application  of  the 
American  pneumatic  service  has  just 
been  installed  at  the  baggage  department 
of  the  Union  railroad  station  in  St.  Louis, 
Mo.  When  you  take  the  train  there,  you 
will  have  no  trouble  about  your  baggage, 
nor  will  you  have  to  walk  half  a  mile  to 
find  the  proper  official.  Go  to  the  bag- 
gage department  near  the  ticket  office, 
and  present  the  exchange  check  that  the 
hotel  porter  gave  you.  The  official  will 
immediately  give  you  your  train  baggage 
check ;  at  the  same  time,  the  duplicate 
baggage  check  to  be  attached  to  your 
trunk,  accompanied  with  the  exchange 
check,  is  shot  to  the  baggage  room  in 
a  pneumatic  carrier ;  and  as  you  go  out 
to  take  the  train,  your  trunk  is  on  the 
way  too. 

The  largest  pneumatic  transmission 
plant  in  the  world  for  purposes  of  factory 
intercommunication  is  installed  in  The 
General  Electric  Company's  offices  at 
Schenectady,  N.  Y.  Over  four  miles  of 
4^ -inch  tubes  are  used. 

But  the  best-known  application  of  this 
system  is  in  the  retail  stores,  where  it  is 
used  for  the  purpose  of  making  change. 
It  is  an  interesting  fact  that  this  great 
principle,  which  has  become  so  indis- 
pensable in  handling  mail  and  in  modern 
business,  developed  from  the  simpler 
forms  of  cash  carriers  for  stores. 
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A  New  Mammoth  Cave 

Kentucky's  Counterpart  in  the  Canadian  Selkirks 


By  AUBREY   FULLERTON 


OX  the  west  slope  of  the  Selkirk 
Mountains  in  British  Columbia, 
witliin  a  short  distance  of 
Mount  Sir  Donald  and  about 
two  miles  from  the  main  line  of  the  Can- 
adian Pacific  Railway,  is  a  newly  discov- 
ered cave,  which,  in  size,  and  perhaps  in 
scientific  interest,  may  henceforth  rival 
Kentucky's  famous  Mammoth  Cave.  Its 
proportions  are  not  yet  fully  known,  but 
it  is  believed  to  be  about  one  and  one- 
half  miles  in  length,  and  in  some  places 
300  feet  or  more  deep.  In  formation  it 
is  a  remarkable  example  of  underground 
water  erosion.  Cougar  ]<kIountain,  the 
particular  peak  in  wdiich  it  occurs,  is  ap- 
parently tunneled  for  an  unknown  dis- 
tance by  winding-  waterways,  through 
which  pass  raging  torrents  fed  by  the 
Rocky     ^lountain    glaciers.       In    their 
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course,  these  torrents  have  hewn  out  of 
the  solid  rock  immense  caverns  and 
chambers,  forining  presumably  a  con- 
nected system. 

The  main  entrance  to  these  caves  was 
discovered  by  a  mountain  guide  in  the 
latter  part  of  1904,  and  an  exploratory 
expedition  made  a  careful  examination 
of  the  ground  early  last  June.  At  that 
time  the  glacial  streams  were  still  at 
flood  height,  and  it  was  found  that  the 
largest  caverns  could  not  be  fully  pene- 
trated till  the  flow  of  water  had  subsided 
later  in  the  season.  The  expedition  suc- 
ceeded, however,  in  ascertaining  the  main 
features  of  the  passages  leading  in  from 
four  distinct  entrances. 

From  the  first  entrance  is  reached,  at 
some  330  feet  from  the  surface,  a  square 
chamber  50  feet  wide  by  60  feet  long. 
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One  of  the  Most  Beautiful  Walls  in  the 
Showing  drapery  cif  carbonate  of  lime. 

across  which  flows  a  stream  from  Cougar 
creek.  This  chamber  was  named  by  the 
recent  explorers  "The  Auditorium."  Two 
branch  passages  lead  from  it,  the  larger 
of  which  is  from  4  to  lo  feet  wide  and 
from  10  to  30  feet  high,  curving  around 
walls  of  light-colored  rock.  A  much 
larger  cavern  is  reached  by  another  pasT 
sage  so  low  and  narrow  that  its  descent 


can  be  made  only  on 
hands  and  knees,  but 
leading  to  the  brink  of 
a  cavern  of  unknown 
length  and  breadth  and 
estimated  to  be  nearly 
300  feet  deep.  Its  great 
spaces  echo  with  the 
roar  of  a  mighty  water- 
fall away  down  in  hid- 
den depths,  which,  how- 
ever, future  explorations 
may  prove  to  be  acces- 
sible. 

Large  pools  of  water 
cover  the  floors  of  many 
of  these  underground 
chambers,  some  of  which 
were  crossed  on  rafts. 
At  one  point  a  dam  was 
built,  enabling  the  party 
to    make     a     temporary     crossing. 

The  rock  which  has  been  thus  tunneled 
is  a  very  hard  crystalline  limestone.  In 
places  it  is  made  up  of  alternate  bands  of 
white,  mottled,  and  gray  marble,  and 
these  have  been  carved  and  polished  into 
singularly  beautiful  but  curious  forms. 
There  are  no  stalactites  or  stalagmites ; 
but  the  walls  of  the  various  passages  are 


Cave. 


Canyon  through  which  Cougar  Creek  Passes  on 
ITS  Way  to  the  Cave.- 


Section  of  Marble  Wall  Carved  Out 
BY  Water. 
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themselves  .1  pallcry  «>t  natural  art.     In 
one  c»f  the  chambers   a   (lc|H)sit   oi  lar 
<\  hiuc  was  tomnl.  haiii^ini,'  in  a 
laci"-hki'  tlraprry  frmn  the  walls. 
1  lie  itnn>c«hato  vicinity  of  the  cave  ex- 
plains Mujch  of  its  history.     Cou.t;ar  creek. 
to  which  it  directly  owes  its  oriijin.  Ilows 
for  some  350  feet  under  a  natural  rock 
hritlpe.  ami.  farther  on.  under  a  secoinl 
hridpe  of  similar  character  hut  soniewli.it 
shorter.      Hetween   these  two  hridjjes   is 


the  ]>eciili.ir  cliaracler  and  lay  nf  the 
country  at  and  around  C"ou,i;ar  Mountain. 
Ill  sonu-  prehistoric  time,  this  water  proh- 
;dil\  lirst  found  its  way  throui^h  a  fissure 
in  one  of  the  linu'stoiie  rocks  of  the 
niouiit.ain ;  and  with  the  grains  of  fine 
.sand  thus  loosened,  .n'aitu-d  an  erosivt- 
powir  which  went  on  iiicreasin<4'  as  it 
wori-  away  into  the  rock.  Durint;"  the 
thousands  of  years  fnnn  then  till  now, 
the  i;lacicr-fed  torrent  has  cut  out  i;i5.::an- 


PoT-HoLB  Hollowed  Out  by 
Glacier  Water. 

a  remarkable  water  channel,  cut  throui^h 
solid  rock  for  300  feet.  At  the  farther 
end  of  the  second  bridge,  the  creek  en- 
ters a  canyon  1 70  feet  deep ;  thence  into 
the  cave. 

Five  waterfalls  on  the  east  side  of  the 
cave  contribute  largely  to  the  inflow  of 
water.  From  these  come,  in  different  di- 
rections, rapid  torrents  that  completely 
disappear  from  sight  into  the  cave.  These 
streams,  and  Cougar  creek  itself,  are  en- 
tirely glacier  and  snow  water,  and  not 
unlike  other  mountain  streams  except  in 


One  of  the  Passages. 
Curved  path  at  lower  right-hand  corner  is  main  entrance. 

lie  channels  through  solid  marble  ;  and 
the  process  is  still  going  on.  It  is  quite 
likely  that  the  entire  area  bounded  by  the 
four  entrances  thus  far  discovered  and 
the  nearer  falls  is  a  labyrinth  of  under- 
ground waterways. 

There  are  no  evidences  that  the  cave 
has  ever  been  inhabited  by  Indians  or 
other  primitive  peoples.  More  probably 
it  has  been  until  now  one  of  nature's  se- 
crets, though  within  a  short  distance  of 
the  railway  and  at  an  elevation  of  only 
about  2,000  feet  above  the  track. 


Ne^v  Turbine  Types 

Principles  and  Mechanism  of  the  Zoelly  Steam  Turbine 


By  FRANK  C.  PERKINS 


ONE  of  the  latest  types  of  steam 
turbines  being  introduced 
throughout  Europe  at  the  pres- 
ent time  is  that  known  as  the 
Zoelly  turbine,  which  is  constructed  at 
Zurich,  Switzerland,  by  Escher,  Wyss  & 
(  nmpany,  who  are  represented  in  the 
Tnited  States  by  the  Allis-Chalmers 
i  onipany.  One  of  these  turbines  of  i,- 
5<  )0  horse-power,  operating  at  a  speed  of 
1 .500  revolutions  per  minute,  has  been 
iinstalled  at  Creusot ;  and  a  number  rang- 
ling  in  size  from  500  to  1,500  horse- 
power, and  in  speed  from  1,500  to  3,000 
["(Volutions,  have  been  placed  in  operation 
in  various  central  stations. 


section  is  constructed  practically  the  same 
as  the  high-pressure,  except  that  the 
steam  passages  are  much  larger  as  the 
steam  expands  while  passing  through  the 
turbine,  and  therefore  the  steam  passages 
must  necessarily  increase  in  area  to  pro- 
vide for  the  increased  specific  volume 
of  steam.  It  will  be  noted  that  the  de- 
sign is  that  of  a  multi-step  turbine,  the 
steam  being  expanded  in  stages.  The 
various  parts  are  so  designed  as  with- 
out difficulty,  to  permit  of  very  high  per- 
ipheral speed,  while  the  number  of  steps 
is  reduced  to  a  minimum. 

Tiiere  are   10  rotating  wheels  or  cir- 
cular discs  attached  to  the  same  shaft. 
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FIG.  1.     ZOELLY  STEAM  TURBINE  AND  ELECTRICAL  GENERATOR. 


The  acompanying  illustration,  Fig.  i, 
shows  the  Zoelly  steam  turljine  directly 
coupled  to  an  electrical  generator.  Fig. 
2  shows  the  detailed  construction  of  the 
high-pressure  turbine ;  and  Figs.  3  and 
4  the  details  of  the  turbine  wheel. 

This  turbine,  it  will  be  noted,  is  one 
of  the  impulse  type,  and  is  di- 
vided into  two  sections,  for  the  high- 
pressure  afid  low-pressure  turbine,  each 
having  a  separate  compartment  with  a 
bearing  between  them.    The  low-pressure 


with  curved  plates  on  their  peripherics ; 
and  for  each  wheel  there  is  a  set  of  guide 
vanes  which  direct  the  steam  against  the 
rotating  plate.  The  steam  first  enters  at 
one  end,  and  is  directed  by  the  guide 
plate  to  the  vanes  of  the  first  wheel.  The 
guide  chambers  are  so  designed  as  to  al- 
low the  steam  to  successively  expand  to 
lower  pressures,  and  therci)y  partially 
convert  the  potential  to  kinetic  energy, 
which  is  given  up  on  passing  through  the 
live  wheel,  the  steam  leaving  it  at  a  low 
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spoctl.  The  function  df  tlu-  j^uidc  pas- 
sages is  that  of  tlu-  I\-I  aval  steam  noe- 
tic. 

I'.nch  wlicol  nutates  in  a  clianiluT  by  it- 
self, tlu'  walls  of  which  arc  formed  hy  the 
discs  to  which  the  i^uide  vanes  are  at- 


is  forced  thron^h  ]upes  into  the  hearinj::^ 
hv  a  small  rotary  pump  driven  from  the 
main  shaft  hy  a  helical  tjear.  The  oil  is 
returned  to  a  reservoir  in  the  hed-plate 
hv  another  set  of  pipes;  and  it  is  filtered 
and  cooled,  passini,'"  throuj^h  a  scries  of 
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FIG.  2.     DETAILS  OI-   NEW  ZOELLY  STEAM  TURBINE. 


tachcd.  The  steam  enters  the  first  hi.c^h- 
pressure  compartment  after  first  passinc^ 
through  the  throttle  valve  operated  by 
the  governor  shown  in  the  accompanying 
illustration,  Fig.  5.  The  steam  is  then 
passed  through  another  guide  wheel,  ex- 
panded down  to  a  lower  pressure,  and 
again  directed  to  another  running  wheel, 
giving  up  energy  in  proportion  to  the  re- 
duction and  pressure.  The  steam  then 
passes  through  the  passes  of  the  next 
guide  disc,  and  is  directed  against  the 
plates  of  the  next  rotating  wheel  after 
expanding  to  a  lower  pressure.  After 
passing  through  the  high-pressure  com- 
partments and  the  last  step  of  the  low- 
pressure  compartment,  the  steam  is  ex- 
hausted into  the  air  or  into  a  condenser. 
Each  of  the  casings  is  mounted  sep- 
arately on  the  bed-plate  and  is  con- 
structed of  cast  steel  so  designed  that  the 
top  half  of  each  casing  can  be  lifted  ofiF. 
The  bearings  are  fastened  directly  to  the 
bed-plate,  and  are  not  connected  in  any 
way  with  the  casings,  so  that  the  heat 
is  not  readily  conducted  from  the  steam 
casings  to  the  bearings.  The  latter  are 
lubricated  by  a  circulation  of  oil,  which 


coils  and  finally  being  pumped  back  to 
the  bearings,  thereby  assuring  with  a 
minimum  oil  consumption  an  abundant 
lubrication. 

It  is  claimed  that,  as  each  wheel  is 
running  in  a  medium  of  uniform  pres- 
sure, any  end  thrust  of  the-shaft  is  elimi- 
nated, and  the  leakage  through  the  clcar- 


FiG.  3.    ZoELLY  Steam  Turbine  Wheel. 
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ance  spaces  between  the  guides  and  the 
wheels  is  reduced  to  a  minimum. 

The  Rateau  steam  turbine  and  others 
of  design  similar  to  the  Zoelly  turbine, 


completed,  and  are  tested  at  very  much 
higher  speeds  than  those  ordinarily  re- 
quired of  the  turbine  wheel. 

The    diagram    of    the    governor    and 


QimillDID 


FIG.  4.     DETAILS  OF  ZOELLY  STEAM  TURBINE  WHEEL. 


differ  principally  in  the  details  of  con- 
struction of  the  turbine  wheels  which  are 
shown  in  the  accompanying  drawing. 
The  wheels  or  discs,  including  the  hub, are 
forged  from  Siemens-]Martin  steel  from 
one  piece,  and  a  T  slot  is  machined  out 
of  the  circumference  of  the  hub  to  hold 
'the  plates  and  their  distance  pieces,  one 
side  of  the  slot  being  closed  by  a  rod  iron 
ring  riveted  to  the  disc.  The  plates  are 
constructed  of  nickel  steel,  and  are  highly 
polished  to  resist  erosive  action.  More- 
over, as  will  be  noted,  they  are  radial, 
Ihe  cross-section  decreasing  as  the  radius 
increases,  thus  reducing  the  stresses  due 
to  centrifugal  force  to  a  minimum.  The 
material  used  is  a  non-rusting  one,  and 
is  so  hard  that  little  wear  takes  place 
at  the  edges  of  the  vanes,  while  the  high 
polish  reduces  the  friction  losses  to  a 
minimum.  The  peripheral  velocity  can 
be  very  high,  as  the  load  is  constant  in 
both  amount  and  direction.  It  is  claimed 
that  the  number  of  steps  in  this  class  of 
turbine  can  be  very  much  smaller  than  in 
turbines  which  do  not  allow  such  high 
velocity ;  and  by  the  reduction  of  the 
number  of  steps,  the  cost  as  well  as  the 
comparative  size  is  reduced.  The  wheels 
are  very  carefully  balanced  after  being 


throttle  valve  (Fig.  5),  shows  the  former 
to  be  that  of  the  centrifugal  type  acting 
on  a  relay  valve,  which  is  connected  on 
two  sides  with  pipes  leading  from  a 
reservoir  of  oil  under  pressure  supplied 
by  a  rotary  pump,  a  return  pipe  leading 


Fig.  5.  Zoelly  Steam  Turbine  Governor  and 
Throttle  Valve. 


to  the  suction-well  of  the  pump.  The 
moving  part  of  the  valve  is  attached  to 
the  same  valve  stem  as  the  piston  h  in 
the  cylinder  g.     It  is  so  arranged  that 
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if  the  loatl  on  the  tinMiu-  is  docroasoil. 
the  resullins:  increase  in  speed  raises  the 
povernor  lever,  ami  the  valve  m  makes 
the  direct  connection  between  o  :mdy 
and  between  />  and  e,  so  that  the  li(iuid 


enteriuj^  the  cylinder  .■;  forces  the  piston 
down  and  therel)y  closes  the  throttle 
valve  a  certain  anionnt,  rcdncinp^  the 
pressnre  of  the  enterinij;-  steam  and  the 
speetl  of  the  tnrhine. 


T7 . 


Electric  Lifting  Magnets 

HoNv  They    Are    Utilized   for     Liftina    and    Transferring    Heavy    Pieces  of  Iron 

in  Factories 


By    DR.  ALFRED  GRADENWITZ 

Berlin  Correspondcnl,  The  Technical  World  Magazine 


OXF,  of  the  most  interesting  mod- 
ern applications  of  electricity  is 
its  use  in  connection  with  elec- 
iroma.ernets    for    the    lifting    of 
loads.    An   apparently   immaterial   alter- 
ation in  the  construction  of  cranes  and 


^IG,     1.         SINGLE     MAGNtl 


traveling  j^latforms  in  foundries,  steel 
works,  rolling  mills,  blast  furnace  plants, 
etc.,  where  loads  had  formerly  to  be  lifted 
by  hooks,  has  resulted  in  a  saving  of  labor 
and  in  an  increased  efficiency  of  operation 
wherever  electromagnets  have  been  re- 
sorted to  in  the  course 
of  the  last  few  years. 

Whereas  American 
constructors,  who  first 
devised  this  use  of  elec- 
tricity, employ  electro- 
magnets with  open  coils, 
]  '.elgian  firms,  and  in  the 
first  place  the  Interna- 
tional Electric  Engineer- 
ing Company  of  Liege, 
prefer  enclosing  the  coils 
completely,  so  as  to  en- 
able them  to  be  used 
without  any  inconven- 
ience in  the  open  air, 
while  obtaining  an  effi- 
cient mechanical  protec- 
tion against  any  kind  of 
mechanical      injury      to 
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which    they    are    hable    to    be    exposed. 
It  may  be  said,  however,  tliat  the  con- 
struction of  such  electromagnets  for  Hft- 
ing  heavy  pieces  of  iron  and  steel 
has    always    offered    serious    diffi- 
culties  and   that   only   a    few   con- 
structors have  been  really  success- 
ful in  designing  a  satisfactory  type 
i)f    apparatus.     The    International 
CI  >mpany  has  made  a   specialty  of 
the      construction      of     electrically 
driven  cranes  for  use  in  iron  and 
j  steel  works,  etc.,  paid  much  atten- 


One  of  the  main  advantages  afforded 
by  electric-lifting  magnets  is  the  saving 
just  referred  to  in  time  and  manual  labor. 
When  attaching  the  load  to  the 
hook  of  the  crane  by  means  of  ropes 
or  chains,  the  services  of  at  least 
two  men  were  required  for  the 
handling  of  heavy  pieces.  Now, 
the  electro  magnet  does  away  with 
both  the  ropes  and  the  men  to  fix 
them,  all  the  operations  being  car- 
ried out  by  the  driver  of  the  crane. 
He  it  is  who    lowers    the    magnet 


FIG.  2.     TRIPLE  MAGNET. 


tion  to  the  problem  of  lifting  magnets 
and  eventually  obtained  rather  satis- 
factory results  in  this  line.  By  the 
Cdiirtesy  of  that  company  we  reproduce 
illustrations  of  a  few  of  its  magnets. 


on  to  the  piece  of  metal  to  be 
lifted  and  excites  it  by  means  of  the 
switch  which  is  placed  in  his  cabin. 
When  the  load  reaches  the  place  where  it 
is  desired  to  drop  it,  the  driver  lowers  the 


FIG.  3.     POUBLE  MAGNET  FOR  LIFTING  GIRDERS,  ETC. 
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magnet  ami  finally  outs  oil"  tlu-  cunrnt. 
The  time  occupiotl  in  picking  np  tin- 
load  with  niaKncts  is  very  short  :  in  fact 
two  or  three  seconds  are  quite  sutVicient  ; 
so  there  is  an  enormous  savins^  in  this 


Fig.  4. 
Electric  Lifting  Magnet. 

respect,  while  the  performance  of  a  .cjiven 
crane  is  materially  increased,  the  result 
heing^  that  the  works  can  be  run  with 
fewer  cranes. 

The    .E^reater    consumption    of    power 
which  is  doubtless  connected  with  this  ad- 


(iitiim.'il  use  of  electricity  is  qnik'  .'in  iu- 
sii^nilicant  item,  as  a  mai;net  capable  of 
suspcndini;"  two  and  one-half  tt)ns  rc- 
(juires  only  about  750  watts. 

The  International  company's  mat^ncls 
are  mostly  of  two  kinds,  represented  in 
I'ijXS.  T  and  3  respectively.  The  kind 
seen  in  li.s^s.  1  ;ind  2  serves  for  the  hand- 
ling of  sheets  and  ins^ots  while  the  otlur 
type  is  used  in  connection  with  j^jirdcrs 
.'uid  the  like.  The  first  type  is  an  electro 
maj^net  where  the  maj^^^netic  circuit  is 
formed  by  an  internal  core  and  an  ex- 
ternal bell-shaped  cover  and  is  completed 
by  the  piece  to  be  lifted.  The  other  type 
seen  in  I""ij^.  3  is  com])osed  simply  of  two 
single  type  mat^^nets  fixed  one  at  each  end 
of  a  beam.  sus])en(led  in  the  center  from 
the  crane  hook.  I""i,^-.  4  shows  the  mat^nct 
as  it  ai)pears  wdien  ready  for  fixing  to  the 
crane. 

It  may  be  mentioned  that  the  magnets 
can  be  used  also  for  lifting  very  hot 
pieces  of  metal,  wdiich  makes  them  es- 
pecially useful  in  foundries,  rolling  mills, 
etc.  The  current  is  sup])licd  by  two  ])aral- 
Icl  wires  extending  the  full  length  of  the 
crane,  connections  to  them  being  made  by 
contact  pieces  fixed  to  the  crab. 


Tlhe  S^ia  is  BraMlhitS 


YV/HEN  mists  and  rain  begin  to  "fall, 
'  '  Never  mind ; 

The  sun  is  bright  behind  it  all, 
Never  mind ; 
The  clouds  will  part,  the  skies  grow  blue, 
And  all  the  world  look  bright  to  you. 

— Chicago    Chronicle. 


Transposition   of  Telephone  Lines* 

•ho-w^ing  the  IMethod  Employed  for  Overcoming    Noise  and    Cross-talk  in  Tele- 
phone Lines,  due  to  Induction 


By  WILLIAM  C.   BOYRER.   M.  E.,  M.   M.   E. 

Formerly  Division  Engineer,  New  York  &  New  Jersey  Telephone  Co. 


\\W  T  is  a  well-known  fact,  following 
I  from  the  laws  of  self-induction  and 
11  mutual  induction,  that  if  two  wires 
be  placed  parallel  to  each  other,  an 
Iternating  current  flowing  in  one  wire 
^  ill  induce  similar  and  opposite  currents 
II  the  other.  These  induced  currents 
nay  be  caused  by  the  presence  of  the 
nagnetic  field  set  up  around  the  first 
\  ire,  or  mav  be  due  to  the  electric  stress 


a 


-b 


tl  up  between  the  two  wires.  The  first 
>  called  electro-magnetic  induction,  and 
he  second  electrostatic  induction. 


(r 


Electro-Magnetic  Induction 

Electro-magnetic  induction  is  illustrat- 
(I   in  Fig.   I.     Suppose  that  in  the  line 

h  an  alternating  current  is  flowing,  and 
hat  the  alternating  magnetic  field  set  up 
lureby  is  represented  by  the  concentric 
ircles.     As  these  mag- 
Ktic  lines  cut  the  tele- 
)]i()ne  circuit  c  carrying 
he  two  receivers  e  and 
'  an  induced  current  will 

)e    set    up    in    the    tele-       

)li()ne  circuit,  which  ~ 
iiher  opposes  or  agrees 
11  direction  with  that  of  the 
lilt  flowing  at  that  instant  in 
list  circuit.  This  induced  current 
<\\\  manifest  itself  by  the  presence  of 
iiise  in  the  two  receivers.  As  the  cur- 
en  t  in  the  wire  a  b  increases,  the  induced 

*From  Instruction  Paper  on  Telephony,  Part  III,  written 
)r  the  American  School  of  Correspondence  at  Armour 
:istitute  of  Technology. 


magnetic  field,  becoming  therefore 
stronger,  will  cut  across  the  wire  c,  and 
the  induced  current  will  be  in  the  opposite 
direction  to  that  which  induces  it.  As 
the  current  \n  a  h  decreases,  the  induced 
field  will  contract  towards  the  wire  cut- 
ting the  line  c  in  the  reverse  direction, 
and  inducing  a  current  therein,  which  is 
in  the  same  direction  as  that  in  the  line 
a  b. 

Electrostatic  Induction 
In  Fig.  2  is  illustrated 
the  nature  of  electro- 
static induction.  Sup- 
pose the  line  a  b  again 

to  be  the  disturbing  wire 

~  carrying  an  alternating 
current.  Under  these 
conditions  the  medium  around  it  will  re- 
ceive alternate  positive  and  negative 
charges.  Consider  the  instant  when  it 
receives  a  positive  charge,  as  shown  in 
the  diagram.  The  medium  surrounding 
the  telephone  wire  will  by  static  induction 
receive  a  negative  charge;  the  positive 
charge,  being  repelled  by  that  on  the  dis- 
turbing wire,  will  flow  to  ground  in  the 
flirection  indicated  bv  the  arrows.     With 


+      +      +      +      +      +      4-+       +      +      +      + 
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cur- 
the 


Fig.  2. 

each  alternation  in  the  disturliing  current, 
the  direction  of  flow  of  this  repelled  cur- 
rent is  changed,  with  the  resultant  noise 
in  the  receiver.  Such  a  disturbance  would 
be  produced  by  the  proximity  of  electric 
light,  power,  and  other  wires  carrying 
electric  currents,  running  parallel  to  the 
telephone  lines. 
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Cross-talk 

It  will  l)c  cviiliMit  that  the  same  ctTcct 
will  also  1)0  proiluccil  In    two  trloi)hoiu' 
linos  ruimiiip  parallol  and  in  oloso  proxi- 
mity.    In  this  caso  tho  otToct  of  ilio  in- 
duced current  would  he 
not    merely    to   produce 
noise,  but  to  repeat  on 
one   line,    more   or    less 
distinctly,  the  conversa- 
tion carried  on  over  the 
other.    Such  an  e fleet  is 
oallod  cross-talk. 

Mr.  J.  J.  Carty.  chief 
ensjinoer  of  the  Now 
York  Telephone  Com- 
pany, carried  on  a  series 

of  exiKrimonts  to  prove         

that  cross-talk  was  not 
the  result  of  electnv 
niagrnetic  induction,  but  wholly  tine  to 
electrostatic  induction.  In  I'ig.  3  is  shown 
his  method  of  experimentation.  The  line 
a  b,  one  entl  a  being-  open,  had  the  other 
end  grountled  through  the  secondary 
winding  of  an  induction  coil.  The  pri- 
mary winding  was  connected  tlirough  a 
transmitter  to  a  battery.  A  constantly 
vilirating  tuning  fork  placed  in  front  of 
the  transmitter  caused  an  alternating  cur- 
rent to  be  induced  in  the  line  a  b.  Since 
one  end  of  this  line  remained  open,  the 
only  current  that  could  flow  was  that 
necessary  to  charge  the  line  up  to  the 
potential  of  the  impressed  E.  M.  F. 
Therefore  the  electro-magnetic  induction 
was  netrlis^ible! 


airradv  (k-.scribi'd,  and  its  place  Ihmui;- 
t.iken  l)v  the  positive  charge  which  Hows 
up  fmm  the  earth  at  both  ends  of  the  line 
.\s  a  rc-sult  the  rurrmt  llow  in  this  linr 
was  either   lioiii  the  center  toward  both 
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Fig.  4. 

At  the  moment  when  a  positive  charge 
was  held  on  the  line  a  b,  a.  negative 
charge  was  induced  on  the  other  line,  the 
positive  charge,  as  already  explained,  be- 
ing driven  to  earth  in  the  direction  shown 
by  the  arrows.  As  the  charge  on  the  wire 
a  b  changes  from  positive  to  negative, 
that  on  the  other  line  changes  from  nega- 
tive to  positive,  the  negative  charge  being 
released  and  driven  to  earth  by  the  path 


Fig.  3. 

ends,  or  from  l)Oth  ends  toward  the  cen- 
ter. The  lines  used  by  Mr.  Carty  were 
each  200  feet  long,  and  separated  from 
each  other  by  ys  i"ch.  The  nature  and 
direction  of  current  flow  was  proven  by 
the  fact  that  a  receiver  d  placed  in  the 
center  of  the  line  gave  perfect  silence. 
while  noise  was  heard  in  the  pther  two. 
The  proof  was  made  still  stronger  by  the 
fact  that  w'hen  the  wire  was  opened  at 
its  center  point  noise  was  still  heard  in 
the  two  receivers  c  and  e. 

\\'hen  the  line  between  Boston  and 
Xew  York  was  built,  and  telephone  com- 
munication first  estal)lishcd  between  these 
tw^o  cities,  it  was  found  that  cross-talk 
was  very  marked,  and  in  some  cases  so 
serious  as  to  interfere  with  conversation. 
It  was  this  fact  that  started  Mr.  Cart\ 
on  his  series  of  experiments,  with  the 
results  already  given. 

Metallic  Circuits 

So  far, grounded  circuits  only  have  been 
considered.  If  the  telephone  circuit  is 
metallic,  and  the  disturbing  wire  is  placed 
so  as  to  be  at  equal  distances  from  the 
two  conductors  of  the  telephone  circuit, 
no  induced  current  will  be  produced  in 
the  latter,  since,  if  the  disturbing  wire  has 
a  positive  charge  at  any  time,  the  surfaces 
of  the  two  telephone  conductors  nearest 
to  it  will  have  a  negative  charge,  while 
those  most  remote  will  have  a  positive. 
As  the  charge  on  the  disturbing  wire 
changes  to  negative,  that  on  the  adjacent 
surfaces   will   change   to   positive,   while 
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that  on  the  remote  surfaces  will  become 
negative.  Since  the  telephone  circuit  is 
IK  )t  grounded,  it  is  obvious  that  the  only 
way  for  this  change  to  take  place,  is  by 
jthe  current  flowing  across  the  wire,  which 
'produces  nO'  noise. 

When  the  two  conductors  of  the  tele- 
|j)hone  circuit  are  at  unequal  distances 
jfrom  the  disturbing  wire,  a  different  con- 
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Fig.  5. 

dition  prevails.  This  is  shown  in  Fig._4. 
At  the  instant  that  the  disturbing  wire 
receives  a  negative  charge,  a  positive 
charge  is  induced  on  the  adjacent  surface 
of  the  nearest  telephone  conductor,  the 
negative  charge  being  repelled  to  the  re- 
mote conductor,  causing  a  flow  of  current 
away  from  the  receiver  c  towards  the  re- 
ceiver /,  in  the  direction  indicated  by  the 
arrows,  with  a  resultant  noise  in  the  re- 
ceivers e  and  d. 

Transposition 

It  will  now  be  ap- 
])arent  that  if  two  me- 
tallic telephone  lines  are 
l>laced  side  by  side,  the 
conductors  of  the  cir- 
cuits not  being  disposed 
symmetrically  with  re- 
si)ect  to  each  other,  an 
cfTect  similar  to  that  il- 
lustrated in  Fig.  4  will 
he  produced  and  cross- 
talk will  result.  This 
condition  is  overcome 
l)v  transposing  the  con- 
ductors of  one  of  the 
circuits  at  certain  intervals  as  shown 
in  Fig.  5,  where  a  a  is  one  cir- 
cuit and  bh'  the  other.  At  c  and  d  the 
l)()sition  of  the  conductors  of  the  latter 
circuit  is  reversed  so  that  both  are  equally 
exposed  to  the  effect  of  the  circuit  a  a. 
As  a  result,  any  disturbing  influences 
coming  from  a  a  are  felt  equally 'by  both 
conductors  of  the  circuit  b  b',  the  induced 
current  in  one  conductor  balancing  that 


in  the  other,  with  the  result  that  no  cur- 
rent flows.  This  is  called  transposition, 
and  is  resorted  to  on  all  open-wire  lines 
to  prevent  cross-talk.  Quite  an  elaborate 
scheme  has  been  worked  out  for  trans- 
])Osing  the  conductors  on  lines  carrying 
several  cross-arms.  The  scheme  is  shown 
in  Fig.  6,  and  is  described  as  follows : 

Starting  from  the  first  pole,  a  distance 
of  1,300  feet  is  measured  off,  and  the  pole 
nearest  to  this  point  is  marked  A.  From 
the  pole  A,  a  second  1,300  feet  is  meas- 
ured off,  and  the  pole  at  this  point 
marked  B.  Another  1,300  feet  is  meas- 
ured off,  and  the  pole  at  this  point  marked 
C.  The  distance  is  again  measured,  and 
the  corresponding  pole  marked  B.  This 
process  is  continued,  the  transposition 
poles  being  marked  as  shown  by  the  capi- 
tal letters  in  the  diagraiu.  Referring  to 
the  top  arm,  at  the  A  pole  the  wires  on 
pins  I  and  2,  3  and  4,  9  and  10,  are  trans- 
posed. At  the  B  poles  the  wires  on  pins 
7  and  8  are  transposed ;  while  at  the  C 
poles  those  on  pins  3  and  4,  5  and  6  are 
transposed.  Referring  to  the  second  arm, 
on  the  A  poles  the  wires  on  pins  15  and 


Fig.  6. 

16,  17  and  18  are  transposed;  while  on 
the  B  poles  the  wires  on  pins  13  and  14 
are  transposed.  On  the  C  poles  the 
transpositions  are  made  in  the  wires  on 
pins  II  and  12,  17  and  18,  19  and  20. 

When  a  third  arm  is  placed,  the  wires 
on  this  are  transposed  the  same  as  those 
on  the  first ;  and  should  a  fourth  arm  be 
used  its  wires  would  be  transposed  sim- 
ilarly to  those  on  the  second. 


CT'I^  .      T*        ,K    »1       ,1  C.  Krudition  never  nciils  to  advertise. 

\^^  O  r  1    (]  \l      1   C  )■     1   '/    1    11   ('       C,I\iclus  have  \vin.i;s,  l)iit   I'uverly  lias  spurs. 
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Articles   Solicited 

les  on  topics  of  timely  interest  are  solic- 
Those   that  are  short  and  accoinfa- 
Ciiths  will  receive  special  attention. 
.  -vill  be  paid  for  at  regular  space  rates. 


C  Meekness  is  the  mark  of  might. 

C  Industry  is  the  handmaiden  of  wealth. 

C  Sacrifice  determines  the  value  of  any  serv- 


€L  It  is  easier  to  deal  with  an  impudent  enemy 
than  an  impudent  friend. 

C  "Idleness  is  a  mother;  she  has  a  son.  Rob- 
bery, and  a  daughter,  Hunger." 


<L  The    man    who    frequently    gives    himself 
away  isn't  necessarily  charitable. 


€L  It  is  difficult  for  the  man  who  keeps  his 
nose  too  much  above  liquor  to  keep  his  head 
above  water. 


C  Occasionally  a  man  worries  because  he 
can't  meet  his  obligations,  but  more  often  he 
worries  because  he  is  unable  to  dodge  them. 

(2i8) 


C   M<ist  moral  inftctioii  comes  from  aiip.'ircnt- 
Iv  siiiair  vices. 


C  Tile  world  has  never  offered  a  more  cntic- 
iiijr  tkld  for  tile  truly  great  than  at  the  present 

time. 


C  You  will  never  know  how  small  some  great 
men  arc  unless  you  have  occasion  to  go  to  them 
for  a  favor. 


C  What  a  sublime  spectacle  is  that  of  a  man 
Kt'ing  straight  to  his  goal,  cutting  his  way 
tlirough  dirticiilties,  and  surmounting  obstacles 
which  dishearten  others,  as  though  they  were 
stepping-stones  ! 


% 


Havs^l    ISimgii^eeip    Corps 

QPPOXEXTS  of  President  Roose- 
^^  velt's  policy  of  abolishing  the  old  en- 
gineering corps  of  the  navy  and  making 
the  engineering  service  a  part  of  the  du- 
ties of  officers  of  the  line  are  using  the 
fatal  boiler  explosion  of  the  U.  S.  gun- 
boat Bennington  as  an  argument  in  favor 
of  a  return  to  the  old  system. 

The  board  of  inquiry  found  that  the 
accident  was  due  to  the  carelessness  of 
a  fireman  and  the  heedlessness  of  a  young 
ensign.  It  is  urged  that  the  deplorable 
accident  could  not  have  happened  had  tlie 
officer  been  an  engineer,  particularly 
qualified  and  specially  educated  to  su- 
pervise the  steam  plant  and  machinery 
of  a  war  ship. 

In  these  days  when  the  tendency  is  to- 
ward specialization  in  all  trades  and  pro- 
fessions one  i§  justified  in  adversely  com- 
menting on  a  policy  which  seeks  to  make 
a  naval  officer  a  jack-of-all-trades  aboard 
a  ship — a  system  directly  contrary  to  the 
modern  trend.  There  seems  to  be  little 
doubt  that  the  naval  department  will  heed 
the  almost  universal  demand  for  a  return 
to  the  system  which  made  the  engineer- 
ing corps  of  the  United  States  navy  the 
pride  of  every  American  who  calls  him- 
self an  engineer. 
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Electrical    ©f®  B^ed^c- 
tion 

A  AMERICAN  iron  workers  and  elec- 
tricians will  watch  with  considerable 
interest  an  extensive  experiment  in 
electo-metallurgy  which  the  Canadian 
government  proposes  to  conduct  at  Sault 
Ste.  Marie.  The  Consolidated  Lake  Su- 
perior Power  Company  is  to  furnish  the 
building  and  400  electrical  horse  power 
four  months  free.  The  Dominion  gov- 
ernment wants  to  find  out  if  ores  can  be 
smelted  and  steel  made  by  the  electric 
process. 

Canada  needs  a  cheaper  method  for 
manufacturing  pig  iron  and  steel  than  is 
now  in  use.  Ontario  is  dotted  with  ore 
bodies  but  the  lack  of  cheap  fuel  prevents 
their  development.  There  is  coal  in  the 
eastern  and  western  ends  of  Canada,  but 
the  cost  of  transportation  is  prohibitive. 
There  are,  however,  throughout  the 
provinces  many  water  powers  where 
electricity  can  be  generated  and  utilized 
in  the  .manufacture  of  iron  and  steel,  pro- 
vided the  experiments  about  to  be  made 
prove  that  the  electric  process  is  feasible. 


Higlhi    Vac^ei    b^    New 
MetSiod 

C'ROZEN  charcoal  has  been  found  to  be 
■^  particularly  effective  for  obtaining 
high  vacua.  It  long  has  been  known  that 
charcoal  possesses  the  property,  in  a 
marked  degree,  of  absorbing  gases.  Pro- 
fessor Dewar,  the  eminent  English  phy- 
sicist, has  demonstrated  that  this  ab- 
sorptive property  increases  manifold  if 
the  charcoal  is  cooled  to  the  low  temper- 
ature of  liquid  air.  This  augmented  ab- 
sorption takes  place  so  energetically  that 
if  the  refrigerated  charcoal  is  contained 
in  a  closed  vessel  the  air  in  the  latter  soon 
becomes  entirely  absorbed  by  the  char- 
coal. 

Professor  Dewar  immerses  charcoal, 
preferably  of  cocoanut  shell,  in  liquid  air. 
places  the  frozen  charcoal  in  a  closed  ves- 
sel connected  by  a  tube  with  the  vessel 
in  which  it  is  purposed  to  obtain  a  va- 
cuum. In  this  manner  a  vacuum  is  ob- 
tained in  a  few  minutes  suitable  for  pro- 
ducing X  rays.  When  it  is  remembered 
that  a  mercury  pump  must  be  worked  in- 


cessantly for  hours  and  even  days  to  ob- 
tain such  a  vacuum  the  fact  that  high 
vacua  can  be  obtained  in  a  few  minutes 
with  frozen  charcoal  is  highly  interesting. 


E-lectficity  ^OT    Moists 

Among  the  many  improvements  in 
shop  practice  which  have  been  made  dur- 
ing the  past  few  years,  the  adoption  of 
better  facilities  for  transporting  the  raw 
material  and  product  has  received 
considerable  attention.  It  has  been  found 
that  the  element  of  time  is  a  far  more 
important  factor  in  the  cost  of  doing  a 
given  piece  of  work  than  was  formerly 
suspected.  The  introduction  of  high 
speed  steels  for  machine  tool  work  and 
the  adoption  of  the  motor  drive  either 
separately  or  in  groups  have  quickened 
the  pace  of  production  all  along  the  line 
and  made  it  more  than  ever  essential  that 
there  shall  be  as  little  time  lost  as  pos- 
sible in  passing  the  work  through  the 
shop.  Hence  the  growing  use  of  power 
driven  hoists  as  a  part  of  the  improved 
shop  transportation  system. 

The  electric  hoist  has  certain  peculiar 
advantages  which  commend  it  in  a  great 
variety  of  situations.  Leaving  aside  the 
traveling  crane  as  a  special  case,  it  is 
worth  while  to  consider  the  field  of  use- 
fulness of  the  small  hoist  having  a  single 
motor  and  hand  propulsion  in  a  hori- 
zontal plane.  It  is  decidedly  to  the  ad- 
vantage of  the  central  station  man  anx- 
ious to  increase  his  day  load  to  encourage 
the  adoption  of  both  small  and  large  elec- 
tric hoists  in  many  places  which  as  yet 
do  not  appreciate  them.  The  universal 
extension  of  power  circuits  in  urban  com- 
munities is  a  strong  point  in  favor  of  the 
motor-driven  hoist,  which  can  often  be 
placed  in  service  in  localities  where  hand- 
hoisting  machinery  would  be  too  slow 
and  where  no  compressed  air  is  available 
for  pneumatic  machines.  There  can  be 
no  question  as  to  the  relative  economy  of 
an  electric  and  a  steam-driven  hoist ;  the 
latter  requires  in  large  work  a  licensed 
engineer  and  in  point  of  steam  and  coal 
consumption  is  little  better  than  an  escape 
pipe  to  the  atmosphere. 

Where  compressed  air  is  available 
there  are  manv  situations  in  which  the 
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pncuinntic  hoist  with  its  Uiwcr  tirst  cost 
meets  the  requirements  atlmirably.  but 
it  is  a  mistake  to  assume  that  th-j  electric 
hoist  is  an  expensive  machine  to  operate, 
simply  because  its  tirst  cost  is  blither  tb.in 
that  1)1  its  air-(hiven  competitor.  A 
prmip  of  JO  electric  hoists  recently  tested 
on  the  l^iekawanna  l\ailri>a(l  showed  an 
oixrating  and  maintenance  expense  of 
but  50  cents  per  hoist  per  month,  wiiich 
is  certainly  a  luost  favorable  tij^ure.  The 
comphcation  often  attributed  to  electric 
hoists  diH?s  not  materialize  in  the  later 
and  better  desiijns.  Thus,  one  poiiU  in 
which  simplicitv  has  been  trained  has 
iK'en  through  the  elimination  of  the  start- 
ing rhev\<itat.  motors  as  large  as  15  hor.^e 
jKHver  being  thrown  directly  across  the 
line  in  beginning  operation.  Although 
this  involves  a  higher  field  and  armature 
resistance  than  wonld  be  the  case  with 
the  rheostat  the  intermittent  character  of 
the  service  justifies  the  design. 

W'iien  one  considers  that  a  hoist  of 
2.000  lbs.  capacity,  motor  driven,  may  be 
bought  for  about  $200  or  possibly  $180 
in  large  numbers,  and  bears  in  mind  the 
compactness,  lightness,  cleanliness,  and 
flexibility  of  the  equipment,  the  fixed 
charges  of  possibly  $20  or  $25  a  year  ap- 
pear a  small  matter  if  the  production  ef- 
ficiency of  the  establishment  is  increased. 
Newspaper  press  rooms,  shipping  depart- 
ments, lumber  and  stone  yards,  whole- 
sale groceries,  coal  yards,  machine  shops 
and  factories  are  often  well  supplied  with 
electric  power  and  without  compressed 
air  plants.  In  such  cases  the  electric  hoist 
finds  a  ready  application,  and  in  the  long 
run  proves  to  be  a  far  reaching  economy. 
Its  travel  is  unlimited,  in  comparison  with 
the  pneumatic  machine,  and  it  is  far  more 
useful  for  general  service  than  its  hy- 
draulic competitor.  While  no  single  type 
of  hoist  can  be  prescribed  for  all  condi- 
tions of  serv-ice  there  is  room  for  a  much 
wider  appreciation  of  motor  driven  ap- 
paratus. 


Alcolhol    for    HiradtmstlirBexl 

O  >  r.\T(  )  alcohol  is  becoming  a  large 
^  and  important  factor  in  (lerman  in- 
dustrial life.  The  general  use  of  alcohol 
made  from  potatoes,  grain,  and  the  mo- 
lasses derived  as  a  secontlary  ])roduct 
from  the  manufacture  of  beet  sugar  for 
I)ower  pm-poses  is  steadily  increasing  in 
the  Kaiser's  domain.  From  the  oflficial 
statistics  for  the  year  ending  August  31, 
1904.  it  is  shown  that  in  thai  year  alcohol 
for  industrial  ])urposes  ])ro(luced  in  Ger- 
many from  potatoes  amounted  to  80,403,- 
[)J2  gallons;  from  grain.  18. 281. 551  gal- 
lons and  from  molasses  3,o'')7.970  gal- 
lons. 

Several  years  ago  the  German  govern- 
ment became  impressed  with  the  neces- 
sity of  building  motors  which  could  be 
operated  with  some  liquid  fuel  that  could 
be  produced  in  Germany  in  the  event  that 
through  the  chances  of  war  the  supply  of 
imported  benzine  and  other  petroleum 
products  should  be  cut  ofif.  Alcohol  of- 
fered a  solution  of  the  problem  and  un- 
der the  encouragement  of  the  govern- 
ment the  gas-motor  builders  gave  great 
attention  to  perfecting  alcohol  engines. 

At  the  same  time  a  powerful  organiza- 
tion, the  Centrale  fiir  Spiritus-Verwert- 
hung  was  established  and  began  a  sys- 
tematic and  persistent  campaign  to  en- 
courage and  extend  the  use  of  alcohol 
for  industrial  and  economic  purposes, 
])articularly  for  heating,  cooking,  and 
lighting 

The  result  of  this  campaign  is  curious. 
It  was  begun  to  encourage  the  use  of 
alcohol  for  motor  purposes  but  so  rapidly 
has  the  use  of  alcohol  for  heating,  light- 
ing, and  chemical  manufacturing  pur- 
poses been  extended  that  but  a  small  per- 
centage of  the  whole  alcohol  consumption 
has  been  credited  to  motors  and  auto- 
mobiles. 


The  Story  of  the  Diamond 

Describing  the  Process  of  Mining    Diamonds  in    thie   World's    Greatest  Diamond 

Mines 


By  JOHN  ELFRETH  WATKINS 

Special  Correspondent,  The  Technical  World  Magazine 


A  LITTLE  wliile  ago  it  was  being 
voiced  about  that  the  world's  last 
rich  diamond  mines  were  nearly 
exhausted,  that  the  end  of  their 
vast  supply  was  at  last  in  sight.  An 
ominous  scarcity  of  "roughs"  was  re- 
ported and,  'twas  said,  the  big  New  York 
diamond     importers     had     had     orders 


have  been  using  more  than  five-eighths 
of  the  world's  output.  So  rich  and  ap- 
parently inexhaustible  have  been  their 
South  African  mines  that  historical  facts 
and  traditions  have  been  arrayed  to  prove 
that  the  long-lost  "King  Solomon's 
mines"  were  these  same,  in  Rhodesia,  from 
which   more  than  a  half  billion  dollars' 
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booked  for  three  months ;  that  they  were 
still  waiting.  The  foreign  marts  were  al- 
leged to  be  well-nigh  depleted.  'Ts  it 
really  the  beginning  of  the  end  ?"  the 
"trade"  was  quoted  as  asking  itself.  Of 
course  it  was  a  question  which  only  the 
De  Beers  Svndicatc  could  answer,  but  it 
answered  not. 

This  stupendously  wealthy  concern  has 
been  supplying  98  per  cent,  of  the  (lia- 
monds  of  cornmerce,  while  we  Americans 


worth  of  "rough"  (equal  to  over  a  l)il- 
lion's  worth  of  "cut")  diamonds  have 
been  taken  in  thirty-five  years.  When 
their  enormous  store  plays  out  there 
surely  will  be  no  more  diamond  trade, 
imless  some  new  mines  are  discovered. 
In  Brazil,  India  and  Borneo  the  old  dia- 
mond fields  have  ceased  to  yield. 

The  De  Beers  Syndicate,  therefore,  has 
a  monopoly  on  the  world's  sui:)i)ly.  It  not 
only  mines  all  but  two  per  cent,  of  the 
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diamond?;  of  commerce,  but  it  C(Mitrols 
the  allictl  syndicate  which  sells  these 
Ijcins  \o  cutters.  It  has  been  called  the 
richest  corpi^ration  iti  the  world.  In 
thirteen  years  its  ilividends  have  in- 
creased from  5  to  40  per  cent,  it  is 
direct e<l  hy  a  hoard  of  life  j^overnors. 
of  which  Cecil  Rhodes  was  one,  and 
sliares  have  never  heen  used  for  purposes 
of  stock  speculati<in. 

Grcatot   Diamond  Mines 

I'ive  tlianiond   mines  are  operateil   hy 
this  comi>any.     (^f  these  the  Kiniherlcy 


when  taken  out  «'t"  llie  Kimborley  ami 
De  r>eers  mines  yieldeil  ever  I'l  carats 
of  diamonds.  In  i^o-'  tlir  yield  was  >^4 
carat  per  load.  The  newer  mines  have 
never  yielded  more  than  3-10  carat  per 
load.  r>ut  lately  the  company  encourai;e(l 
the  trade  hy  reportini;-  that  it  had  the 
enormous  total  of  41.000.000  loads  of 
"the  blue"  in  sii^ht,  not  yet  mined.  'Ihis 
is  even  more  tlian  the  entire  quantity 
taken  out  of  the  rich  1  )e  lieers  and  Kim- 
berley  mines  in  fifteen  years. 

In    the    scieiUific    ojjinion    nf    ( leo.    V. 
Kunz.  .qem  expert  of  the   I'nitcd   States 
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mine  has  been  the  richest  in  the  world, 
its  annual  product  having  averaged 
$4,000,000  for  over  thirty  years.  Next 
to  this  in  richness  has  been  the  De  Beers 
mine.  Then  there  are  three  others,  larger 
though  less  productive.  That  the  two 
older  and  richer  mines  would  soon  be 
exhausted  has  been  foreseen.  But  it  has 
been  figured  that  their  diminution  would 
to  a  good  degree  be  offset  by  the  three 
newer  but  less  productive  ones. 

The  diamonds  of  these  great  mines  are 
found  in  a  volcanic  deposit  known  as  "the 
blue."     In  1889  an  average  load  of  this 


Geological  Survey,  this  enormous  quan- 
tity of  unmined  "blue"  should  ofifer  an 
abundant  prospect  for  the  world's  dia- 
mond supply,  regardless  of  the  fact  that 
the  new^  "blue"  already  mined  gives  a 
much  lower  yield  of  diamonds  per  load 
than  did  that'  of  the  old  mines.  He  says 
that  the  De  Beers  company  attributed 
recent  reductions  of  work  in  the  old 
mines  to  a  growing  scarcity  of  both  labor 
and  coal. 

The  rise  in  the  diamond  market  seemed 
at  first  to  be  a  compensation  for  this  par- 
tial shut-down. 
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Discovery  of  the  Mines 

Fifty  years  ago  Britain's  colonial  ge- 
ologist tramped  over  the  diamond  fields 
of  South  Africa,  but  saw  none  of  the 
precious  stones.  He  even  walked  over 
the  site  of  Smithfield,  where  diamonds 
were  afterward  picked  up  on  the  town 
commonage.  In  1867  a  poor  Boer 
farmer's  child  found,  on  a  bank 
of  the  Orange  river,  a  bright  pebble, 
which  he  brought  home.  His  mother 
gave  it  to  a  neighbor  who  had  admired 
it,  and  the  neighbor  put  it  into  the  hands 
of  a  traveling  trader.  The  latter  showed 
it  to  several  gem  dealers  at  Hopetown, 
who  pronounced  it  to  be  a  topaz,  not 
worth  buying.  The  trader  finally  sent 
the  sparkling  stone  to  a  geologist,  and 
was  stunned  when  the  word  came  back 


California,  was  made  general  manager. 
He  at  once  introduced  American  meth- 
ods. He  sunk  shafts  through  solid  rock 
outside  the  mine  areas  and  ran  horizon- 
tal galleries  into  the  blue  ground  be- 
neath the  fallen  masses  of  the  former 
open  pits  from  which  the  precious  stones 
had  before  been  taken.  Applying  his 
improved  system,  the  vast  blue  layers 
were  ramified  with  galleries  after  gal- 
leries at  successive  depths  of  thirty  to 
forty  feet.  As  each  gallery  was  worked 
out  he  allowed  it  to  fall  and  set  to  work 
beneath  it — a  process  which  admitted  of 
being  carried  on  indefinitely,  so  long  as 
the  "blue"  was  in  sight. 

The  story  of  the  diamond  from  the 
time  it  leaves  the  blue  earth  until  it 
reaches  your  jewel  box  is  one  which  you 
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that  it  was  a  diamond  worth  $2,500 ;  that 
there  were  probably  plenty  more  where 
it  came  from.  The  story  went  abroad 
and  miners  began  to  flock  to  Hopetown. 
In  '69  a  native  found  "The  Star  of  the 
South," — 83  carats,  which  was  sold  for 
$60,000.  The  camps  of  the  inrushing 
miners  stretched  as  far  as  Kimberley  to 
the  north,  where  in  the  seventies  the 
diamond-bearing  mud  craters  were 
opened  and  where  was  located  "the  blue" 
of  the  richest  diamond  mines  on  earth. 
In  five  months  the  town  of  Kimberley 
grew  to  be  a  flourishing  center.  Out  of 
the  desert  hotels,  shops  and  houses 
sprung  up  in  the  night  like  mushrooms. 

Method  of  Working 

The  many  conflicting  interests  of  the 
great  diamond  fields  thereabout  were 
finally  fused  into  one  dominant  organiza- 
tion in  1888.  Gardner  F.  Williams,  who 
had  gained  his  executive  ability  and  gen- 
eral  knowledge    through    experience    in 


have  never  heard  since  the  very  latest 
mining  and  cutting  methods  have  been 
applied.  For  these  facts  the  writer  is 
indebted  to  Mr.  Williams  himself.  Un- 
der his  system  the  blue  ground  is  now 
carried  up  from  the  deep  chambers  in 
cars.  It  is  then  spread  out  in  layers 
about  a  foot  thick,  upon  open  spaces  of 
ground,  called  "floors"  hundreds  of  acres 
in  extent.  Here  for  several  months  it  is 
exposed  to  the  air,  sim  and  rain ;  it  is 
steam  harrowed  and,  in  dry  weather, 
watered  by  sprinklers.  Having  been  thus 
softened  and  broken  up  it  is  passed 
through  automatic  washing  machines, 
crushers  and  sorters.  The  lumps  con- 
taining the  diamonds  are  thus  separated 
and  made  ready  for  picking. 

After  many  years  of  hand  picking  an 
employe  recently  discovered  that  dia- 
monds would  adhere  to  grease,  whereas 
the  other  minerals  in  the  incasing  lumps 
would  not.  This  simple  discovery  put 
hundreds  of  hand  pickers  out  of  work, 
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but  saved  the  De  Beers  oompany  huii 
drcds  of  thousaiuls  of  dollars  a  year. 
The  lumps,  or  "coiiconlratcs.  "  an.-  now 
passctl  in  currents  of  water  ovt-r  sli^luly 
iiiclineil  tables  coated  with  j^rease.  l-.very 
diamond  adheres  to  these  tables,  while 
the  garnets  and  other  minerals  incased 
in  the  concentrates  |)ass  on. 

Next  the  roujjh  diatnonds  are  gath- 
ered from  the  tables  anil  boiled  in  hot 
so<la  solution.  Then  they  are  ready  to 
be  delivered  at  the  company's  offices,  to 
a  man  tbroui^h  whose  hands  pass  between 
$i5.cxx).cxx>  antl  Sjo.i'kxi.cxx^  wt)rth  of  the 
gems   every    year.      In    July.    1900.   the 


enntractcM's  w  li"  mine  and  deliviT  \\\io\\ 
the  "tlfiors"  llu'  ilianidnd-beariiiL;  bhie 
i;romid  at  a  cniaiii  \n-\cv  yw  load.  l'"very 
emplo\e  ol'  the  mines  receives  a  jHTcent- 
aiic  on  the  \alue  of  all  diamonds  which 
he  liiids.  (  )n  the  lloors  tlir  w  liile  men 
are  allowed  ,V  eents  and  llie  iuL;r(n's  (■> 
cents  i)er  carat.  A  Imiiiily  nearly  duuble 
this  ]K"rcentai;e  is  paid  lor  stones  found 
in  the  tjalleries. 

The  1 1 .000  ncgTo  miners  arc  lodq^cd 
and  fed  in  seventeen  lar^e  walled  com- 
pounds, (^nc  of  these,  four  acres  in  ex- 
tent, accommodates  3.000  inmates.  I'Lach 
com])oun<l  is  arrangeil  willi  an  open  cen- 


ONE  OF  THE  COMPOUNDS  IN  WHICH  NEGRO  DIAMOND  MINERS  ARE  SHUT  UP 
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largest  pile  of  diamonds  ever  collected  in 
one  place  on  earth  was  stacked  upon  a 
table  in  the  office  of  the  company's  direc- 
tors. It  filled  a  cubic  meter  measure, 
weighed  about  12,000,000  carats,  and  rep- 
resented a  value  of  $76,000,000  "in  the 
rough." 

Operating  Force 
The  De  Beers  mines  employ  13,000 
men,  11,000  of  whom  are  negroes.  A 
half  of  these  w'ork  underground  in  three 
eight-hour  shifts.  Thus  these  vast  ant- 
hills are  continually  storing  up  wealth 
without  rest,  save  on  the  Sabbath.  The 
negro  miners  receive  82  cents  a  day  from 


tral  court  for  exercise  and  sports.  About 
this  are  iron  cabins,  with  rooms  25x30 
feet,  lighted  by  electricity.  Twenty  to 
twenty-five  natives  sleep  in  each  room, 
upon  tiers  of  wooden  bunks.  Within 
these  compoiinds  are  stores,  dispensaries, 
churches  (conducted  by  missionaries) 
and  schools,  which  occupy  the  church 
l)uildings  on  week  days.  In  the  center 
of  each  compound  is  a  large  concrete 
swimming  pool,  which  the  negroes  are 
compelled  to  patronize. 

Precautions  Against  Theft 
Protection  against  the  theft  and  smug- 
gling of  its  precious  products  has  been  re- 
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diiced  to  a  perfect  system  by  this  great 
company.  Each  compound  is  covered  by  a 
fine  wire  netting,  which  prevents  the  toss- 
ing of  (hamonds  over  the  wall  to  possible 
accomplices  outside.  When  a  new  la- 
borer enlists  he  is  stripped,  his  clothes 
being  searched  to  prevent  the  smuggling 
in  of  any  article  wdiich  might  be  used  to 
secrete  the  gems.  He  is  also  deprived  of 
any  liquor  or  playing  cards  which  he  may 
have  on  his  person,  experience  having 
proved  that  these  articles  are  to  the  det- 
riment of  the  perfect  discipline  main- 
tained in  the  mines.  The  new  applicant 
signs  a  written  contract,  binding  himself 
to  live  within  the  compound  and  work 
for  a  period  of  not  less  than  three 
months.  From  each  compound  the  mines 
are  entered  through  open  shafts  leading 
into  the  subterranean  galleries.  Each  na- 
tive wears  a  wristband 
bearing  an  identification 
number. 

Xegroes  leaving  the 
employ  of  the  mines  are 
now  recjuired  to  strip 
and  enter  a  probation  in- 
closure,  remaining  there 
five  days.  While  in  this 
quarantine  they  are  al- 
lowed only  blankets  for 
vestment.  Their  clothes 
are  carefully  examined 
meanwhile.  Gems  are 
often  found  in  boot 
heels,  canes  and  dinner 
pails  with  false  bottoms. 
But  the  five  days  of  pro- 
bation are  not  required 
by  this  thorough  search 
of  the  clothing.  Natives 
on  the  point  of  leaving 
the  mines  often  swallow  diamonds  in 
abundance. 

One  negro,  in  1895,  swallowed  rough 
stones  worth  $3,750,  without  suffering 
indigestion.  These  blacks,  according  to 
Mr.  Williams,  have  no  apparent  fear  of 
swallowing  any  stone  that  can  be  forced 
down  their  throats.  (3ne  diamond  as 
large  as  a  big  chestnut  and  weighing  152 
carats  was  lately  swallowed  by  a  native 
who  retained  it  in  his  interior  anatomy 
for  over  seven  days.  Similar  experiences 
have  demonstrated  that  the  probation 
period  of  five  days  might  well  be  ex- 
tended. 


Another  native  working  in  the  De 
Beers  mines  lately  made  an  incision  un- 
der his  shin  bone  and  concealed  therein 
several  small  diamonds  wrapped  in  a  rag. 
In  the  course  of  the  daily  medical  inspec- 
tion this  negro  showed  symptoms  of 
tetanus.  The  inspector  lanced  the  wound 
and  pulled  out  the  rag  full  of  gems. 

Each  naked  negro  when  finally  dis- 
missed from  the  probation  inclosure  is 
subjected  to  a  rigid  final  search.  He 
holds  up  each  foot  while  an  inspector 
looks  between  his  toes.  He  leaves  the 
compound  gate  barefooted  for  it  is  the 
rule  that  all  boots  must  be  left  behind. 
To  thoroughly  search  them  means  their 
total  destruction. 

Mechanical  Equipment 

As  might  well  be  taken  for  granted. the 


Assorting  Rough  Diamonds. 
South  African  Mines. 

equipment  of  the  De  Beers  company  is 
thoroughly  up  to  date.  Compressed  air 
has  now  completely  replaced  steam 
throughout  its  underground  service. 
Large  cold  storage  plants  have  been  es- 
tabltshed  to  supply  em])loyes  with  cheaper 
meat.  A  large  dynamite  factory  has  just 
been  erected  to  supply  explosives  for  all 
of  the  syndicate's  South  African  mines. 

This  great  company  also  dominates  the 
De  I'eers  diamond  selling  syndicate, — the 
middleman,  which  supnlies  the  diamond 
markets  of  the  entire  world.  This  syndi- 
cate disposes  of  its  gems  only  in  "series," 
as  the  parcels  of  rough  diamonds  bought 
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In  ouiicrs  arc  cnlloil.  Each  parcel  i> 
iiKulc  u|>  of  many  varieties  of  iliaiuoiuls. 
In  otlu-r  wonlji.  wlien  a  dealer  buys  a 
"series"  he  has  no  pick,  hnt  nnisl  take 
every  quality  of  tlianioml  found  in  the 
mines;  must  accept  them  in  the  propor- 
tion in  which  they  are  found  :  nuist  lake 
a  whole  "series"  or  none.  The  intlividual 
diamonds  in  each  parcel  usually  wei.i,di 
anywhere  from  one  to  twenty  carats  in 
the  roujjh.  iM^rty  to  sixty  per  cent  of 
this  weight  is  afterward  i: round  and  pol- 
ished awa\  by  the  cutter. 

Cuttintf  and  Polishintf 

American  diamtMid  cutters  have  at- 
tained in  the  past  decade  a  rank  equal  to 
those  of  Antwerp,  Aiusterdam  or  Paris. 
The  principal  innovation  introduced  by 
our  cutters  is  a  method  of  sawing  small 
rough  crystals  through  the  center  in  or- 
der to  economize  surface  to  be  polished. 
The  old  method  was  to  saw  large  dia- 
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monds  in  two  with  flat  lead  straps 
charged  on  the  edges  with  diamond  dust. 
But  now  the  roiigh  stones  are  held  firmly 
under  pressure  against  rapidly  revolving 
di.sks  of  .sheet  iron.  Only  2  per  cent  of 
their  weight  is  lost  by  this  method.  As 
soon  as  the  invention  became  known  the 
syndicate  advanced  the  price  of  all  rough 


stoiKs  whose  value  might  be  enhanced  by 
tile  process.  Diamonds  are  i)olisbed  by 
being  ground  on  disks  oi  soft  steel  cov- 
ered with  diamond  dust  and  oil. 

The  pros])ect  now  is  that  the  diamonil 
industry  nnist  die  out — for  a  time  at  least 
— when  these  great  mines  of  Soulb  /\f- 
rica  become  exhausted.  India,  famed  in 
history  as  the  great  diamond  coimtry  has 
reported  no  output  in  several  years.  The 
old  mines  of  I'razil  are  al)out  played  out, 
but  a  company  formed  in  London  lately 
set  out  for  the  Sierra  de  J'rio  mountains 
of  that  country  to  explore  alleged  new 
fields.  In  Baliia,  Brazil,  some  5,000  peo- 
\Ae  gather  small  diamonds,  but  the  enter- 
prise is  not  one  to  tempt  the  fortune 
seeker.  Diamonds  have  long  been  known 
to  exist  in  southwestern  Borneo.  The 
great  liornco  diamond  of  Mattam,  said  to 
weigh  367  carats,  is  believed  to  have 
come  from  this  region.  But  it  is  a  pe- 
culiar belief  of  the  natives  of  the  terri- 
tory that  the  gold  and  diamonds  in  the 
earth  are  a  sort  of  reserve  lent  by  Provi- 
dence to  be  drawn  upon  only  when  tb.ey 
are  in  dire  poverty. 

A  syndicate  was  lately  formed  in 
Bremen  to  search  for  diamonds  in  Ger- 
man southwest  Africa.  Small  though 
brilliant  and  remarkably  hard  diamonds 
have  recently  been  reported  from  New 
South  Wales  ;  others  from  Queensland, 
Australia.  Machinery  is  being  intro- 
duced into  British  Guiana,  where  172,000 
diamonds  w^ere  found  in  1902 ;  but  these 
averaged  only  one-fifteenth  carat  in  size.- 

American  diamonds  have  been  found 
in  X'irginia,  North  Carolina,  Georgia, 
Wisconsin,  Idaho,  California  and  Indi- 
ana. But  the  entire  diamond  product  of 
the  I'nited  States  since  time  began  could 
be  held  in  the  palm  of  your  hand.  An 
interesting  find  made  in  this  country  two 
or  three  years  ago  was  a  diamond  weigh- 
ing 334  carats,  picked  up  near  Martins- 
ville, Ind. 

If  the  De  Beers  mines  play  out  the 
prospect,  therefore,  seems  to  be  that  we 
will  have  to  wait  for  the  savants  ~now 
experimenting  with  the  artificial  produc- 
tion of  diamonds  to  perfect  their  work. 
Alicroscopic  diamonds  are  now  manufac- 
tured from  carbon  dissolved  in  molten 
iron  at  enormous  temperatures  and  under 
tremendous  pressure.  These  experiments 
are  being  made  in  .Vustria  and  Germany. 
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Improvements  in  Car  Wheels 

Process  of  Manufacture  and  Physical  Properties  of  All-Steel  Wheels 


By   JOHN  L.  COWAN 


Every  important  invention  creates  a 
necessity  for  still  further  invention.  A 
material  advance  in  any  particular  in  our 
industrial  system  necessitates  an  advance 
along-  the  whole  line  ;  and,  if  that  advance 
is  not  made  promptly,  serious  disar- 
rangement is  likely  to  result.  When  Mr. 
Charles  T.  Schoen  invented  the  steel  car, 
he  probably  realized  that  he  was  in- 
augurating a  revolution  in  freight  traffic  ; 
but  it  is  not  likely  that  it  occurred  to  him 
that  he  was  creating  a  new  probleni  that 
would  tax  his  patience  and  ingenuity  to 
the  utmost  for  its  solution. 

No  detail  of  equipment  has  given  rail- 
road managers  graver  cause  for  anxiety 
than  the  little  flange  that  is  relied  upon 
to  keep  car  wheels  safely  upon  the  track 
— and  nothing  is  more  fruitful  of  wrecks 


and  accidents  than  broken  flanges.  The 
flange  cannot  be  made  larger,  thicker,  or 
stronger  by  the  addition  of  more  metal. 
The  limitations  on  the  gauge  of  switches 
and  crossings  make  that  impracticable. 
If  it  is  to  be  improved  materially,  it  must 
be  by  an  improvement  in  the  physical 
character  of  the  metal  used. 

The  steel  freight  car,  with  its  enor- 
mous capacity,  imposes  upon  the  wheels 
a  burden  more  than  400  per  cent  greater 
than  they  were  called  upon  to  carry 
thirty  years  ago,  in  the  days  of  the  light 
wooden  car.  The  huge  locomotives  made 
necessary  by  the  steel  cars,  with  propor- 
tionately increased  water  and  fuel  carry- 
ing capacity,  impose  a  burden  that  has 
increased  in  the  same  i)roportion  ;  while 
the  speed  of  trains  is  much  greater  and 
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the  iHstancc  hctwccii  stops  is  lonj^or.    \  it 
the  wheels  have  remained  practically  uii 
clianj^eil. 

As  it  was"  the  steel  car  th;it  (Kveloped 
the  weakness  of  the  car  wheel,  it  was  i)er- 
haps  only  logical  that  the  inventor  of  the 
steel  car  shouUl  direct  his  enerpes  to  the 


A  1,000-Ton  Perfecting  Press. 

remedying  of  that  weakness.  For  years 
he  has  devoted  his  inventive  genius  to 
the  solution  of  the  problem,  with  the  re- 
sult that  a  new  and  important  industry 
has  been  established  in  the  Pittsburg  dis- 
trict, contributing  to  the  safety  of  the 
traveling  public  and  to  the  elimination  of 
the  risk  of  freight  transportation. 

The  following  description  of  the 
methods  used  in  making  the  Schoen  solid 
pressed  and  rolled  steel  wheel  is  given 
by  the  courtesy  of  the  Schoen  Steel 
Wheel  Company,  of  McKees  Rocks,  by 
which  firm  the  new  car  wheel  is  manu- 
factured. 

A  high  carbon  steel  slab  is  employed. 
This  is  rolled  down  from  a  25  x  30  in- 
got weighing  30  tons,  after  about  30  per 
cent  has  been  discarded,  and  a  reduction 
of  5  to  I  is  secured  in  the  operation. 

The  square  slab  is  first  forged  under 
a  5,000-ton  hydraulic  press;  and,  with- 
out change  of  position,  is  sheared  'round, 
the  practice  pursued  at  this  stage  of  man- 
ufacture beinsr  such  that  if  there  are  anv 


huUleii  (letecls  in  \hv  slal).  they  are  sure 
to  he  revealed.  (  hw  of  the  points  of 
superiority  claimed  is  that  in  this  ()])era- 
tion  any  iini)erfections  and  cracks  are 
sheared  away,  leaving  only  absolutely 
.»Jolid  metal  to  form  the  tread  and  llange 
of  the  finished  wheel.  The  blank  is  then 
forged  in  another  set  of  dies  to  a  shai)e 
approximating  tlie  outlines  of  the  linished 
wheel,  but  of  less  diameter  and  greater 
wel)  thickness.  The  axle  hole  is  punched 
while  the  metal  remains  under  ])ressure 
in  the  dies. 

Hie  l)lank  is  next  taken  to  the  rolling 
mill.  The  rolls  of  this  massive  and 
powerful  machine,  driven  by  engines  of 
1 .000  horse  power,  and  controlled  by  elec- 
tric motor  feeding  devices,  embrace  the 
entire  section  of  the  disc,  excluding  the 
hub,  and  are  worked  in  combination  until 
the  finished  web  thickness,  width  of  rim, 
and  diameter  have  been  attained.  Some 
idea  of  the  working  which  the  steel  re- 
ceives in  this  operation  ir.ay  be  conveyed 
by  the  fact  that  the  web  rolls  exert  a 
pressure  of  125  tons,  and  the  roll  which 
forms  the  tread  and  flange  a  pressure 
of  150  tons. 

The  flange  is  completely  developed  in 
this  part  of  the  process  and  the  rolling 
is  continued  until  the  wheel  has  been 
worked  down  to  a  low  finishing  heat  suf- 
ficient to  permit  the  coning  and  rounding 
operation. 

Like  all  the  rest  of  the  machinery,  the 
coning  press  is  of  special  design,  and  its 
work  is  one  of  the  most  important  feat- 


The  Schoen   Steel  Wheel. 

ures  in  the  manufacture  of  the  Schoen 
steel  wheel.  The  wheel  is  not  only 
rounded  and  any  inaccuracies  corrected, 
but  by  a  special  method  the  entire  tread 
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and  rtanpe  arc  hartlcncd.    This  completes  \\lu\l  uikKt  ordinary  i-ondilions  has  W-vn 

the  wheel,  which  is  now  ready  for  serv-  trebled  or  (|uadni|)lc(l. 

ice.  MO  machine  work  beiiij;  necessary.  The  new  t>]>e  of  car  wlutl  is  n<i\\    in 

Physical   tests  show   that   the   relinini;'  use  muKr  llu'  eni^int'  tenders  and  luavy 

which  the  steel  derives  from  this  series  jiassenj^er  cars  of  lliirt\    American   rail 

of  ofKTations  is  such  as  to  impart  to  it  a  roads.      The   t^reatest    traction    eoni])any 

tensile  strencrth  greater  than  is  foimd  in  in  the  world  is  iinttiiii:;-  them  into  ser\  iee 

the  best    steel    tires,    besides    j^ivinj^    it  under  its  street  cars,  and  its  inter-mban 

greater    densitv    and    homoijeneity.      In  and    elevated    e(|uipment  ;    and    it    is    no 

actual  use  it  is  found  that  the  llan.i;e  will  doubt     only     a     (piestion     of     a     short 

stand  the  ijreatest  strain  to  which  it  can  time  until  they  will  be  used  almost  to  the 

be  subueted.  and  that  the  life  of  the  car  exclusion  of  all  others. 


Boss  Jim  'nd  Me 

BY  JOSEPH  V.  WOODWORTH 

NUW,  you  see,  Boss  Jim,  he  always  said, 
'Stead   of  using  his   hands,   he'd   use  his 
head ; 
Thought  'twas  the  best  tool  God  gave  to  win, 

So  he  used  it  to  get  counted  in. 
Jim  had  a  gift  of  gab  that  took  right  well, 

'Nd  a  bang  up  way  that  looked  quite  swell ; 
Never  knowed  a  blamed  bit  more  than  me; 

Just  had  no  trouble  making  bosses  see 
That  his  ideas  would  make  things  hum, 
'Nd  everyone  else's  were  on  the  bum; 
So  now  Jim's  making  heaps  of  coin, 
'Nd  got  nothing  to  do  but  watch  it  burn. 

Yes,  Boss  Jim  'nd  me  worked  at  the  bench, 

'Nd  I'd  lend  him  anything — even  a  wrench, 
For  he  never  had  tools  laying  handy  by; 

He'd  say  'twas  foolish  when  lots  were  nigh 
That  belonged  to  easy  marks  like  me — 

"Whats  the  use  of  carrying  junk?"  said  he. 
Always  talked  of  speed  'nd  work  done  wrong, 

Just  as  if  in  figures  he  was  strong; 
That's  how  he  always  made  things  run, 

'Nd  how  he  got  to  be  a  great  big  gun; 
Yes,  I  do  the  w-ork ;  Jim  gets  the  praise; 

While  I  can't  even  get  a  raise ! 

Yes,  Jim's  my  boss — sits  in  an  office  chair — 

When  I  think  of  it  all,  I  want  to  swear; 
'Cause  I  know  it's  only  pure  brass  gall 

That  holds  him  in  the  job  at  all. 
'Course  he's  always  getting  up  something  new 

To  take  care  of  work  that  we  blokes  do ; 
But  it's   funny,   'cause   'tween  him  'nd   me, 

Was  never  no  difiference  that  I  could  see. 
I  remember,  though,  that  he  always  said, 

'Stead  of  using  his  hands,  he'd  use  his  head; 
That's  why  he's  making  heaps  of  coin, 

'Nd  got  nothing  to  do  but  watch  it  burn. 


Life  Stories  of  Successful  Men 
Charles  S.  Mellen 


By  WILLIAM  PARKER 


AN  industrial  general  who  believes 
in  doing-  everything  above-board, 
in  fighting  fair  if  he  must  fight, 
and  in  avoiding  unnecessary  an- 
tagonisms ;  who  assures  his  employes  that 
he  is  always  accessible  to  any  man  who 
has  a  grievance  that  the  other  officials  of 
the  company  are  not  willing  to  correct ; 
who  asserts  that  in  the  conduct  of  a  great 
corporation,  so  far  as  he  is  concerned, 
"publicity  and  not  secrecy  will  win  here- 
after, and  laws  will  be  construed  by  their 
intent  and  not  by  their  letter" — such  a 
leader  of  men  has  very  naturally  become 
the  object  of  more  general  popular  in- 
terest than  any  other  American  railroad 
president.  This  interest  has  been  inten- 
sified by  the  words  of  commendation  for 
his  point  of  view  recently  expressed  in 
President  Roosevelt's  annual  message. 

It  is  certainly  fair  to  say  that  when  Mr. 
Mellen  a  short  time  ago  was  called  from 
the  West  to  take  the  presidency  of  the 
New  York,  New  Haven  &  Hartford  Rail- 
road, comprising  a  network  of  lines  in 
southern  New  England  and  connecting 
New  York  and  Boston,  his  coming  ex- 
cited widespread  expectancy.  He  had  al- 
ready established  a  very  favorable  reputa- 
tion as  head  of  the  Northern  Pacific  road. 
The  St.  Paul  Dispatch  said  of  him  at  the 
time  he  left  Minnesota:  "His  withdrawal 
must  be  regarded  as  a  great  misfortune 
to  the  Great  Northwest  at  this  time,  a 
misfortune  which  is  almost  a  menace. 
Mr.  Mellen  is  one  of  the  great  railroad 
men  of  a  great  railroad  age ;  in  a  long 
line  of  railroad  operators  his  name  comes 
as  a  climax,  his  ability  comes  to  expand 
achievement  which  was  already  marvel- 
ous. Among  contemporary  railroad 
operators  his  name  occupies  the  highest 
place." 

Since  he  took  up  the  task  of  managing 
the  Consolidated  road  Air.  Mellen  has 
already  several  times  had  to  adopt  courses 
which   undoubtedlv   ran   counter  to   the 


initial  popular  idea  of  what  ought  to  be 
done ;  but  he  has  always  been  ready  with 
what  the  chiefs  of  corporate  utilities  are 
so  apt  to  withhold,  a  simple,  rational  ex- 
planation of  his  actior;.  He  has,  in  other 
words,  taken  the  public  into  his  confi- 
dence and  revealed  the  reasonableness  of 
his  plans,  based  upon  knowledge  and  ex- 
perience of  the  problems  of  railroading 
such  as  no  layman  can  hope  to  have.  Air. 
Mellen  whimsically  remarked  in  an  ad- 
dress some  time  ago :  "One  thing  strikes 
me,  though,  with  great  force.  This  is 
such  a  simple  business.  The  butcher,  the 
baker,  and  the  candlestick  maker  are  all 
willing  to  tell  you  how  to  run  a  railroad, 
though  no  railroad  man  would  undertake 
to  tell  them  how  to  run  their  business.  I 
suppose  that  is  because  the  business  is  so 
simple.  Yet  I  have  been  at  it  35  years 
and  I  am  now  beginning  to  feel  that  I 
know  nothing  about  it." 

Mr.  Alellen  is  clearly  master  of  his  call- 
ing. While  meeting  people  on  terms  of 
absolute  fairness  and  equality  he  always 
leaves  them  impressed  with  a  sense  that 
he  really  does  know  a  great  deal  about 
railroading  questions,  the  very  existence 
of  which  they  had  never  before  suspected. 
He  thoroughly  realizes  the  importance  of 
his  work. 

And  as  a  matter  of  fact  the  problems 
of  railroad  management  are  becoming 
very  serious.  It  is  doubtful  if  the  Presi- 
dent of  the  United  States  himself  holds  a 
more  onerous  position  than  the  president 
of  a  big  transportation  system.  He  is  in 
fact,  the  ruler  of  a  good  sized  state  which 
he  must  be  prepared  to  serve  in  various 
ways.  To  a  surprising  extent  the  wel- 
fare of  a  territory  threaded  by  a  railroad 
is  dependent,  not  only  in  the  sparsely 
populated  sections  of  the  West  but  even 
in  the  well  settled  East,  upon  the  initia- 
tive, sagacity,  and  foresight  of  the  road's 
chief  executive. 

Everything  grades  upward  to  the  presi- 
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ilcnt.  In  the  various  places  of  rcspoii- 
sil>ilit,v  Ih'Iow  liim  arc  his  cahijut  «>tlk"i'rs; 
the  ncncral  counstl.  who  is  his  allorncv 
fjciu'ral ;  the  vicc-presiilcut.  or  jjem  r;il 
trartic  manager,  whose  duties  correspoinl 
somewhat  to  those  of  the  national  secre- 
tary of  state :  the  chief  engineer,  who  is  a 
sort  of  secretary  of  the  interior;  the 
comptroller,  whose  responsihilities  are  not 
so  tlitTerent  from  those  of  the  secretary  of 
the  treasury  :  the  treasurer,  not  unlike  the 
I'niteil  States  treasurer,  and  a  number  t)f 
other  ofticials  whose  duties  will  he  found 
to  he  analogous  to  those  of  officers  of  the 
national  gtivernmcnt. 

For  proper  government  of  his  i>rinci- 
pality  the  president  of  a  railroad  nnist 
have  an  accurate  knowledge  of  all  the 
industrial  and  social  conditions  of  the 
district.  The  broader  the  man  is  the 
greater  the  degree  of  prosperity  wliich 
may  he  expected  for  his  road  and  for  the 
section  it  covers.  New  England  is  al- 
ready feeling  the  benefit  of  Mr.  Mellen's 
presence.  The  hearty  manner,  for  ex- 
ample, in  which  he  has  entered  into  co- 
operation with  the  citizens  of  Springfield, 
Massachusetts,  in  their  plans  for  the  re- 
moval of  the  tracks  of  the  road  from  one 
side  of  the  river  to  the  other,  in  order 
that  their  park  system  may  be  improved, 
attests  the  power  which  a  railroad  presi- 
dent possesses  in  matters  concerning  the 
development  of  his  territory.  The  new 
chief  of  the  "Consolidated"  is  fortunately 
alive  to  his  opportunities. 

If  the  railroad  president's  only  duties 
were  toward  the  district  served  by  his 
lines  his  tasks  would  be  far  less  onerous 
than  they  are.  The  co-operation  be- 
tween the  road  and  the  public  would  be 
easy.  But  the  president  is,  of  course, 
equally  responsible  to  his  stockholders 
for  economical  administration  and  careful 
protection  of  the  various  assets  of  the 
road,  of  which  public  goodwill  is  one. 
He  has  to  count  upon  sinister  influences 
emanating  from  the  stock  markets.  He 
must  be  able  not  only  to  make  progress 
but  also  to  prove  that  it  is  being  made. 

The  story  of  Mr.  Mellen's  life  has 
more  than  ordinary  biographical  inter- 
est. He  was  born  at  Lowell,  Massachu- 
setts. August  i6,  1851.  was  educated  in 
the  public  schools  of  Concord,  New 
Hampshire,  and  began  his  life-work  as 


a  clerk  in  llu'  oIVk-c  of  the  cnshior  oi  the 
old  Xorihern  .\ew  1  lauip^liire  road.  Die 
opportunities  were  excelUnl  in  .\ew  l.u- 
gland  thirty  years  ago  ior  a  young  man 
to  learn  the  business  (jf  railroading  under 
mill  who  were  past  masters  of  etVicient 
and  economical  administration,  and  Mr. 
.Mellen  made  the  most  of  his  6i)porluni- 
ties.  At  the  outset  he  acted  as  clerk. 
paymaster,  and  bookkeeper.  A  little  later 
lie  became  clerk  for  the  chief  engineer 
of  the  Central  N'ermont  Railroad,  a  posi- 
tii^n  which  he  retained  until  1S73,  when 
he  returned  to  the  employ  of  the  North- 
ern New  llamj)shire.  During  seven 
years  of  laborious  service  he  rose 
through  the  various  positions  of  superin- 
tendent's clerk,  cashier,  chief  clerk,  and 
assistant  treasurer.  His  reputation  as  a 
thoroughly  competent  man  grew  apace. 
In  1880  he  was  made  auditor  of  the  Bos- 
ton &  Lowell  and  Concord  railroads,  and 
in  1884  became  general  superintendent. 
Together  with  President  Edward  Morcy 
and  one  or  two  other  oflficers  of  the  road, 
he  was  instrumental  in  bringing  about  a 
general  consolidation  of  the  Northern 
New  Hampshire,  Boston,  Concord  & 
Montreal,  Massachusetts  Central,  Con- 
cord &  Claremont,  Peterboro  'railroad 
and  Passumpsic  River  railroad. 

He  had  by  this  time  attracted  the  at- 
tention of  Charles  Francis  Adams  and 
other  managers  of  the  L^nion  Pacific 
road,  which  was  then  under  Boston  con- 
trol, and  he  was  invited  to  enter  the  scrv 
ice  of  that  company.  When  this  famous 
railroad  passed  into  the  hands  of  the 
Goulds  ]\Ir.  Mellen  was  the  only  one  of 
the  important  officials  to  be  retained ;  he 
had  made  himself  indispensable.  Later 
he  became  second  vice  president  of  the 
New  York,  New  Haven  &  Hartford  road. 
a  position  wdiich  he  held  for  five  years 
and  which  gave  him  a  working  knowl- 
edge of  the  intricate  traffic  department 
of  the  very  corfipany  wdiich  he  has  now 
been  selected  to  preside  over. 

Then  came  an  opportunity  to  take  the 
presidency  of  the  N'orthern  Pacific  road. 
^Ir.  J.  P.  Morgan,  at  that  time  in  control, 
had  heard  of  Air.  ]^Iellen's  efficiency  and 
sought  him  out.  ]\Ir.  ]\Iellen  began  his 
duties  August  12,  i897,and  within  a  short 
time  succeeded  in  completely  rehabilitat- 
ing the  road,  w^hicb  had  before  been  in  a 
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bad  way,  and  in  successfully  fighting  his 
strenuous  competitor,  President  James  J. 
Hill  of  the  Great  Northern. 

After  that  came  the  spectacular  con- 
tests which  most  of  us  remember  between 
the  forces  of  the  Harrimans,  the  Hills, 
and  the  Morgans,  followed  by  a  great 
finan.cial  consolidation.  Mr.  Mellen's  po- 
sition, on  account  of  his  relations  with 
Mr.  Hill,  was  no  longer  agreeable,  and  it 
is  generally  believed  that  he  welcomed 
the  call  to  the  East  to  guide  the  destinies 
of  the  railroad  system  which  connects 
two  of  the  largest  centers  of  population 
in  North  America. 

As  chief  official  of  the  New  Haven 
Mr.  Mellen  has  come  into  great  promi- 
nence. In  his  latest  message  to  congress 
President  Roosevelt  set  the  seal  of  his 
approval  upon  this  railroad  man's  opin- 
ions by  quoting  at  length  from  a  speech 
made  before  the  Hartford,  Connecticut, 
P)oard  of  Trade,  in  January,  1904.  That 
address  was  notable  because  it  expressed 


the  opinion  that  the  time  has  now  passed 
when  any  corporation  can  afford  to 
ignore  or  deceive  the  public.  It  also 
made  a  strong  plea  for  harmonization  of 
the  interests  of  employer  and  employe. 
In  it  were  the  words  which  have  since 
been  so  widely  quoted:  "In  the  begin- 
ning let  me  say  I  am  nothing  more  or 
less  than  a  working  man  myself.  .  .  . 
I  yield  to  no  one  of  you  that  you  have 
worked  harder  or  longer  hours  or  for 
less  pay ;  that  you  have  had  harder  task- 
masters or  more  disagreeable." 

The  secret  of  Mr.  Mellen's  power  lies 
very  largely  in  his  justice.  His  person- 
ality is  pervasive.  Through  all  the  great 
system  which  he  controls  there  is  a  feel- 
ing on  the  part  of  the  employes  that  jus- 
tice and  regard  for  the  welfare  of  every 
well-meaning  employe  prevails.  To  the 
public,  too,  Mr.  Mellen  has  always  been 
accessible;  there  is  no  divinity  that 
hedges  him  about. 


Dinner-Pail  Philosophy 


<I,  Think    of    your    own    faults    and    you    will 
talk  less  about  the  faults  of  others. 


C   -Matrimony    is    an    optical    institute    for   the 
blind. 


C  Our  thoughts  about  others  are  of  less  im- 
portance  than   our   thoughtfulness    for   others. 


C  The  man  after  a  woman's  own  heart  may 
not  want  it. 


CThe  difference  between  a  strong  will  and  a 
strong  won't:  The  first  is  firmness;, the  sec- 
ond, obstinacy. 

<L  After  you  have  learned  how  to  live  well, 
there  will  be  no  trouble  about  your  learning 
how  to  die  well. 

<L  George  Washington  was  so  opposed  to 
lying  in  any  form  that  he  refused  to  establish 
a    weather    bureau    during   his    administration. 

CEverything  depends  on  the  point  of  view. 
The  successful  man  fully  believes  that  every 
one  gets  about  what  he  deserves.  Of  course, 
the  unsuccessful  man  can't  see  it  that  way. 


C  The  man  who  puts  his  head  into  a  barrel 
does  not  eclipse  the  sun. 

C  Nine,  times  out  of  ten  the  doctor  doesn't 
know  what  is  the  matter  with  the  patient — but 
he  knows  enough  not  to  say  so. 

C  There  is  an  aristocracy  of  books  as  of  peo- 
ple. The  lines  of  demarcation  are  plainly 
marked.     You  may  elect  that  which  you  will. 

H.  When  a  man  reaches  the  age  of  about  forty 
years,  he  then  spends  much  of  his  time  taking 
inventory  of  those  things  which  he  thought  he 
knew,  and  sifting  out  that  which  is  of  no 
account. 
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Rice  Cultivation  in  America 

A  New    Indvistry    that    is  Reclaiming   Vast  Areas   of  Waste  Land    and   Causing  a 
Commercial  Uprising  in  the  South 


By  RUTLEDGE  RUTHERFORD 


AMERICA  ha?  a  l)rand  new  indus- 
try in  rice  growing  that  tlireatcns 
to  make  rice  a  rival  of  wheat  as 
an  American  agricultural  prod- 
uct and  seems  destined  to  bring  about 
the  South's  commercial  declaration  of 
independence.  \'ast  areas  of  Southern 
land  hitherto  regarded  as  waste,  are  ad- 
mirably adapted  to  rice  culture,  and 
thousands  of  acres  of  it  already  have  thus 
been  reclaimed.  The  swamps  of  Louisi- 
ana, long  condemned  as  deleterious  to 
agriculture,  bid  fair  soon  to  become 
thriving  plantations.  In  Louisiana  and 
Texas  alone  there  are  said  to  be  12.000 
square  miles  of  land  eminently  suitable 
for  rice  growing. 

The  consumption  of  rice  in  the  United 
States  is  increasing  at  the  rate  of  20,000.- 
000  pounds  a  year.  At  present  w^e  use 
three  times  as  much  as  we  raise.  The 
world's  annual  production  amounts  to 
26,185,000  tons.  The  value  of  the  world's 
rice  crop  is  nearly  three  billion  dollars, 
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and  exceeds  the  combined  value  of  the 
corn,  wheat,  and  oat  crojis  by  $20,000,- 
000.  About  $25,000,000  is  already  in- 
vested in  rice  farming  in  the  South,  and 
it  is  estimated  that  the  product  from  this 
section  last  year  amounted  in  value  to 
more  than  $12,000,000. 

Subterranean  Water  Supply 

Probably  the  most  remarkable  incident 
in  the  work  of  adapting  the  land  to  the 
cultivation  of  rice,  w^as  the  discovery  that 
there  were  strata  of  gravel  at  from  125 
to  200  feet  under  the  entire  Southern  rice 
section,  containing  an  unlimited  supply 
of  water,  which  would,  of  its  own  pres- 
sure, come  so  near  the  surface  that  it 
could  easily  be  pumped.  The  announce- 
ment,of  this  discovery  was  received  with 
incredulity  at  first,  but  repeated  tests 
proved  that  there  is  a  bed  of  gravel  nearly 
fifteen  feet  in  thickness  under  the  rice 
lands,  which  carries  a  large  amount  of 
soft  water.     Pipes  of  2,  3,  4,  6,  and  8 
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inches'  diameter  have  been  sunk  to  the 
gravel,  and  pumps  operated  continuously 
for  months  without  diminishing  the  sup- 
ply. The  water  is  of  a  constant  tem- 
perature of  about  70  degrees,  and  abso- 
lutely free  from  all  seeds  and  injurious 
minerals.  Such  is  the  facility  with  which 
wells  are  made,  that  a  6-inch  tube  has 
been  put  down  to  the  full  depth  required 
— about  200  feet — in  14  hours.  It  is 
probable  that  more  than  50,000  acres  of 
rice  will  be  irrigated  by  wells  the  ensuing 
season.  The  Soutliern  rice  belt  is  tra- 
versed by  ten  navigable  rivers  and  by 
many  small  streams,  all  conveying  soft 
water  comparatively  free  from  salt. 

Prof.  A.  S.  Knapp,  president  of  the 
Rice  Association  of  America,  is  doing 
commendable  work  in  opening  up  the 
Southern  rice  lands  and  assisting  the  set- 
tler in  solving  the  problems  of  cultivating 
the  new  agricultural  product.  He  has 
made  a  thorough  study  of  the  methods 
employed  in  China  and  Japan.  He  has 
analyzed  the  soil  in  the  Asiatic  and  the 
American  rice  fields,  and  has  acquainted 
the  American  rice  growers  wath  the  dif- 
ferent methods  of  cultivation  that  must 
be  employed.  The  conditions  in  Asia  and 
America  are  different,  and  hence  the  svs- 


tcms  of  cultivation  are  necessarily  dis- 
similar. Professor  Knapp,  in  a  recent 
interview,  said  in  reference  to  the  rice 
fields  of  the  South : 

"Prices  of  land  were  barely  above  the  cost 
of  government  entry.  Settlers  from  many  sec- 
tions of  the  country  began  to  camp  upon  this 
territory  with  improved  machinery.  Some  peo- 
ple shook  their  heads  ;  but  others  shook  out 
their  plows,  their  drills,  and  their  binders,  and 
went  to  work. 

"In  nearly  every  township  there  are  one  or 
more  ridges  slightly  above  the  surrounding 
land.  On  these,  surface  canals  were  built, 
from  20  to  150  feet  wide,  according  to  the  area 
to  be  watered.  The  sidi.  =:  of  the  canals  were 
raised  from  four  to  five  feet  with  plows  and 
scrapers  or  with  grading  machinery.  Laterals 
were  run  from  the  main  canals  to  accommodate 
remote  farms.  Powerful  pumping  plants  were 
located  on  the  banks  of  the  river  at  the  head 
of  the  surface  canals.  Scarcely  had  the  canals 
been  accepted  as  a  success  when  southwest 
Louisiana  was  startled  by  the  possibility  of 
artesian  wells.  These  are  proving  a  splendid 
success." 

Plo-sving,  Seeding,  and  Flooding 

Lands  for  rice  farming  must  have  an 
almost  level  surface.  The  rice  farm  is 
divided  oft*  into  sections  of  higher  and 
lower  levels  by  means  of  low  levees  sepa- 
rating the  levels  of  different  heights. 
Parts  of  the  farm  of  vmiform  level,  no 
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matter  how  irrcq-ular  in  sliapc  they  mav 
be.  are  divided  off  into  a  single  inclosure. 
There  may  be  a  number  of  sections,  each 
hig^her  or  lower  than  the  others,  thus  sep- 
arated    by     levees ;    but     each     section 
throughout  is  of  almost  uniformly  level 
surface.     The  levels  are  taken  on  every 
foot  of  the  ground  by  a  civil  engineer. 
The  levee  is  made  by  plowing  four  fur- 
rows  together   and    then    packing   them 
into  a  compact  bank  or 
ridge,  like  a  small  dam. 
After  the  ground  is  thus 
divided  off  into  separate 
levels,     the     ground     is 
plowed,    harrow-ed,    and 
often  "floated"  or  rolled, 
in   order   to   get   it  into 
first-class  condition.   Af- 
ter   plowing,     the     disc 
harrow  is  needed  to  cut 
the  sod. 

The  seed  should  be 
sown  from  ^larch  lo  to 
June  28,  according  to 
climatic  conditions.  The 
sowing  is  done  on  the 
same  principle  as  the 
growing  of  wheat,  oats, 
and-^imilar  grains.  The 
press  drill  or  seeder  can 


hr  usrd,  Init  tht-  drill  is 
I  urinal  lie  lor  it  gives 
a  iiiiUT  rt'j^ular  stand. 

AtUT  tlir  rioo  is 
plautid.  the  farnuT  lias 
no  furtluT  labor,  save 
111  watcli  his  levees  and 
keep  them  in  good  con- 
dition until  the  rice  is 
sprouted  and  begins  to 
paint  the  field  a  deli- 
cate green.  Then 
watir  is  tuiMU'd  on 
I  r  o  ni  c  a  n  a  1  s  near 
1)\'.  and  the  growing 
grain  is  flooded,  at 
first  lightly,  but  gradu- 
ally increasing  in 
quantity  of  water  im- 
til.  when,  the  rice  be- 
gins to  "stool,"  or 
throw  out  its  spur 
roots,  it  is  completely 
flooded.  The  water  is 
first  turned  on  from 
the  canal  into  the  highest  level;  and  when 
this  level  is  filled  to  the  proper 
depth,  the  water  overflows  through 
openings  in  the  levee  to  the  next  high- 
est level,  in  turn  flooding  it.  Thence 
in  a  similar  manner  it  flows  into  the  next 
level,  and  so  on  until  all  are  flooded,  the 
highest  to  a  depth  of  three  to  eight 
inches.  At  this  stage  the  rice  seems  to 
grow  as  well  under  water  as  a])ove  it. 
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Pumping  House  on  Rice  Plantation  in  Louisiana. 

In  the  Plant  here  shown,  located  at  New  Iberia,  the  water  is  lifted  28  feet 

by  three   Puinps,  and  distributed  over  5,000  acres. 
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Two  Systems  of  Furnishing  Water 

There  are  two  systems  of  supplying 
water  to  the  fields — one,  the  canal  sys- 
tem ;  the  other,  the  pumping  system.  In 
the  canal  system,  the  water  may  be 
brought  from  a  river  or  lake  miles  away. 
Some  of  the  main  canals  are  loo  feet  or 
more  in  width,  with  water  ten  feet  deep. 
Such  canals  are  usually  planned,  built, 
and  owned  by  a  company,  which  charges 
a  certain  annual  rate  per  acre  for  all 
lands  taking  water  from  the  company 
ditch.  In  many  instances  the  rice  grower 
finds  it  better  to  pump  his  water  either 
out  of  some  bavou  or   from  w^ells.     In 


free  fall  of  water  from  the  canal  into  the 
rice  levels.  The  water  in  the  canals  is 
from  one  to  six  feet  above  the  land  to  be 
irrigated. 

When  the  rice  is  in  condition  to  be 
flooded,  the  canal  superintendent  goes 
from  farm  to  farm  lifting  the  flood  gates, 
and  permitting  the  water  to  rush  into 
the  levels  to  the  proper  depth. 

After  the  rice  is  flooded,  the  farmer 
has  merely  to  watch  his  levees,  and  keep 
the  w^ater  turned  on  in  proper  amount 
until  the  rice  kernel  is  perfectly  formed 
and  has  only  to  ripen  to  be  ready  for  the 
harvest.    Then  tlie  flood  gates  are  closed 


RICE  MILLS  AT  CROWLEY,  LOUISIANA. 

Crowley  is  probably  the  largest  rice-milling  city  in  the  United  States.     Between  Julv  1,  1900.  and  May  15,  1901, 

there  were  marketed  here  91.5,881  bags  of  rough  rice,  averaging  about  18.t  pounds  each. 


either  event,  the  water  does  not  have  to 
be  raised  very  high,  as  it  lies  near  the 
surface.  Some  of  the  large  plantations 
have  a  pumping  system  lifting  twelve 
million  gallons  or  more  per  day,  an 
amount  of  water  sufficient  to  supply  a 
large  city.  Steam  is  most  generally  used 
for  operating  pumps,  as  fuel  oil  is  cheap 
and  abundant.  Smaller  plantations  use 
gasoline  engines  at  very  little  expense. 

The  canals  are  excavated  by  ditching 
machines,  and  by  plowing  with  horses 
and  using  scrapers  to  take  out  the  earth 
and  throw  up  the  banks.  From  the 
main  canal,  smaller  lateral  canals  branch 
out  on  either  side,  and  these  in  turn  con- 
duct the  water  through  small  ditches  to 
the  section  of  the  field  where  it  is  needed. 
The  main  channel  and  laterals  are  located 
on  as  high  land  as  possible,  to  allow  a 


and  the  drainage  gates  opened,  and  all 
the  water  is  drained  off  the  fields.  In 
from  ten  days  to  two  weeks  the  rice  is 
ripened,  the  fields  are  dry,  and  the  har- 
vesting begins. 

Gathering  the  Harvest 

The  farmer  enters  with  his  "binder" — 
for  he  uses  a  harvesting  machine  very 
similar  to  those  used  in  wheat  fields,  and 
cuts  and  shocks  his  crop.  The  rice  self- 
binder  is  like  other  grain  harvesters,  ex- 
cept that  it  is  stronger  and  heavier,  and 
is  equipped  with  broad-tired  wheels  to 
prevent  cutting  into  the  soft  earth.  The 
rice  is  shocked,  and  permitted  to  stand 
about  twenty  days,  when  it  is  either 
stacked  or  threshed  from  the  shock.  The 
latter  is  the  almost  invarialile  practice, 
the   method   being   similar   to   that   em- 
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plovcil  in  thrcsliinii  wlit-at  or  tnils.  It  i>^ 
advisable,  however,  not  to  let  the  rice 
remain  in  the  shock  any  Ioniser  than 
necessary,  on  account  of  the  liahilily  to 
daniasje  from  wind  ami  rain. 

When  the  threshini:  is  done  the  rice 
is  sacked  ami  shipped  to  the  rice  mills. 
The  "Karrel"  is  the  unit  of  measurement. 
The  sacks  of  rice  in  the  rou.qh  hold  about 
162  pounds,  which  is  calleil  a  barrel. 
This  162  pounds,  after  milling:,  is  sup- 
posed to  make  a  "pocket"  ( 100  pounds) 
of  clean  rice  as  .-^ohl  to  the  crrocer. 

The  Rice  Mill 

Rice  mills  are  g^enerally  very  expensive 
plants  and  are  .<;eldom  owned  by  the  rice 


ers  arc  awakeniut;'  to  the  state  of  .'iffairs, 
and  are  preparing;'  to  combine  interests 
for  the  buildiui^  i>f  their  own  mills.  Thus 
the  millers,  by  their  policy  in  the  South, 
seem  likely  to  atTord  another  illustration 
of  the  faille  about  killiuij  the  goose  that 
laid  llic  golden  egg. 

Hullintf 

From  the  threshing  machine  the  rice 
is  taken  to  the  mill.  There  il  is  I'lrst  put 
through  an  ingenious  machine  which  re- 
moves the  hull.  This  machine  operates 
similarly  to  the  millstones  in  the  old- 
fashioned  Hour  mill ;  but  the  cylinders 
arc  made  of  wood  instead  of  stone.  The 
grain,  with  the  hull  on,  j^asses  between 
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g^rower.  From  $20,000  to  $200,000  may 
be  invested  in  a  mill,  the  cost  varying 
according  to  the  capacity,  which  ranges 
from  20,000  to  200,000.  pounds  per  day. 
In  the  mill  the  rice  is  hulled,  polished, 
graded,  weighed,  and  barreled  ready  for 
the  market.  The  rice  mill  is  to  the  rice 
grower  what  the  grain  elevator  is  to  the 
wheat  grower.  The  farmer  usually 
ships  his  rice  to  the  mill,  and  permits  the 
miller  to  sell  it  on  commission,  which 
averages  40  cents  a  barrel.  Enormous 
profits  are  now  being  made  by  men  who 
can  afford  to  invest  money  to  build  rice 
mills.  These  profits,  however,  will  prob- 
ablv  not  be  realized  forever.     The  farm- 


two  revolving  cylinders,  and  the  hull  is 
rubbed  off  by  friction.  In  this  operation, 
many  of  the  grains  are  broken.  From 
the  huller,  the  grains  pass  through  the 
suction  fan,  which  separates  the  white 
grains  from  tli^  chaff.  While  the  grains 
are  passing  through  a  trough,  the  suction 
fan  draws  out  all  the  hulls,  and  the  rice 
continues  on  in  its  course  to  the  polisher. 

Polishing 

Unpolished  rice  is  the  most  nutritious, 
but  there  is  never  a  market  for  it  in  the 
rough.  The  polisher,  therefore,  is  one  of 
the  most  important  parts  of  the  rice  mill. 
There  are  two  sets  of  polishers,  each  of 


RICE    CULTIJ\4T!0.Y    IN   AMERICA 


239 


which  consists  of  two  wooden  discs  cov- 
ered with  leather  and  revolving  against 
each  other.  Fine  particles  of  the  grain 
and  adhering  husks  are  scraped  off  in  the 
operation,  the  refuse  of  the  first  machine 
being  called  the  "first  polish."  This  is 
sold  for  bran,  and  makes  fine  stock  feed, 
bringing  $25  per  ton.  Passing  through 
the  second  polisher,  a  white  flour-like 
refuse  results.  This  is  shipped  to  the 
North,  rebolted,  and  shipped  back  again 
as  buckwheat  flour. 

Grading 

The  rice  grains  are  now  white  as  snow, 
and  pass  from  the  lart  polisher  to  the 
grading    machines.     These    are    screens 


the  leveling  of  the  ground,  the  construc- 
tion of  levees,  the  purchasing  of  harvest- 
ing machinery,  etc.  This  general  ex- 
pense, however,  is  often  borne  by  a  com- 
munity of  interests. 

Cultivation  of  rice  is  not  subject  to  the 
danger  of  loss  from  drouth  that  attends 
the  growing  of  other  cereals,  because  the 
rice  grower  is  not  directly  dependent 
upon  the  elements  for  his  water  supply, 
having  in  the  canals  an  abundance  of 
water  at  hand  during  the  entire  season 
for  use  as  needed. 


It 


Improved  Machinery- 
is  improved  machinery  that,   more 


than  anything  else,  has  made  possible  the 
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which  permit  the  smaller  particles  to  fall 
through,  and  thus  grade  the  rice  into 
"headed  rice,"  "cracked  rice,"  "broken 
rice,"  and  "screenings."  The  first  con- 
sists of  the  large,  whole  grains  ;  the  sec- 
ond, the  grains  slightly  broken ;  the 
third,  the  grains  cracked  into  still  smaller 
size ;  and  the  screenings,  the  smallest 
particles,  or  refuse,  of  the  grading  proc- 
ess. Headed  rice,  cracked  rice,  and 
broken  rice  are  sold  as  commercial  prod- 
ucts. The  screenings  are  sold  to  brewers 
and  used  in  making  beer. 

All  operations  of  the  rice  industry, 
save  those  of  the  tenant,  require  great 
outlay.     There  is  the  building  of  canals, 


profitable  cultivation  of  rice  in  the  United 
States.  Without  this  we  never  could  have 
competed  with  the  cheap  labor  of  the 
Orient.  Professor  Knapp,  on  this  sub- 
ject, says: 

"Fifty  years  ago  rice  was  planted,  harvested, 
and  milled  the  world  over,  precisely  as  it  was 
2,000  years  before  America  was  discovered,  and 
to  all  appearances  there  would  be  no  improve- 
ment for  the  ensuing  twenty  centuries.  One 
day  some  bold  optimists  conceived  the  idea  that 
improved  farm  machinery  could  be  adjusted  to 
the  rice  industry.  After  many  trials  and  fail- 
ures, it  proved  a  success.  Fifteen  years  ago 
the  gang  plow,  the  horse  drill,  the  twine  binder, 
and  the  steam  thresher  took  possession  of 
the  rice  fields.  This  involved  a  revolution— 
namely,  the  Southern  states  in  the  near  future 


240 


THE  TFXHNICAL   WORLD   M.hlA/.lSl-. 


would  liccomc  larRC  contrihutors  to  the  world's 
food  supply  as  well  as  to  its  IiIht  supply. 

'"With  our  improved  inachiiuTv  there  is  no 
Olhcr  known  country  where  a  dollar  will  pro- 
duce as  niany  bnshels  of  rice  as  \\\  the  I'liitcd 
Stales.  On  the  praine  rice  lands  of  Louisiana 
and  Texas,  one  man  with  a  four-mule  team 
can  plant  and  harvest  one  hundred  acres  of 
rice.  He  will  require  an  additional  man  in 
harvesting  and  stacking,  and.  of  course,  help 
for  two  or  three  days  in  threshing.  Well  tend- 
ed, his  crop  should  net  him  i.ooo  barrels.  He 
may  do  much  letter  than  this,  and  he  may  do 
worse.  In  Japan  one-third  of  an  acre  is  a 
reasonable  rice  farm  for  a  man.  In  China  and 
India  the  water  HutTalo  is  used  in  prepnrinp  the 
\yr  ^  •■•  t'  '"v;  one  man  to  cultivate  one-half  an 
ao-  .icres,  dependiiiR  upon  the  amount 

of  .  help  employed. 

The  Future  Outlook 

"The  indications  arc  that  rice  production  in 
India  and  Japan  will  decrease.  These  coun- 
tries show  remarkable  progress  in  textile 
manufactures.  This  indicates  that  much  land 
in  the  near  future  will  be  devoted  to  the  pro- 
duction of  fiber.     Every  acre  devoted  to  fiber 


must  be  wilhdr.iwii  fmiu  llie  oillivation  of 
rice  or  wheat,  for  every  available  acre  of 
China,  India,  and  Japan  is  under  cultivation," 

Professor  Kn;i|)i»  ciMilcnds  tliat  the 
chief  interest  in  tiie  ,i;ener:il  ])laiUinj;^  of 
rice  in  the  South  lie.s  in  the  fact  that  it 
will  make  the  Southern  Slate.s  re.s(nirce- 
fnl  and  indeiKMident.  In  the  nature  of 
tliinqs,  there  will  ever  he  a  struf^fj^le  for 
dominance  and  a  survival  of  the  most 
powerful.  The  most  important  hattlcs  of 
the  future  will  he  won,  not  hy  serried 
battalions  with  emblazoned  banners  aniiii 
the  rattle  of  musketry  and  the  roar  of 
cannon,  but  by  the  industrious  millions 
on  the  farms  and  in  the  factories.  I'ound- 
rics  and  factories,  in  increasinj2^  number, 
will  seek  the  South  unbidden  ;  her  cities 
will  broaden  to  meet  the  demands  of  a 
^rowin£i:  commerce ;  and  her  marts  of 
trade  will  teem  with  merchants  from 
cverv  land. 


BE  CHEERY 


ERE  ain  t  no  use  in  grumblin". 

\Vhen  all  yo    plans  go  wrong 
Jes    keep  right  on  a  stumblin" 
S)  An    raise  yo    voice  in  song. 

Dere  ain't  no  use  in  frettin" 

An    a  stewin    all  de  day 
Bout  troubles  yose  a  gettin", 
Jes'  smile.      Dey'U  go  away. 


Dere  ain't  no  use  a  feelin' 

Bad  an    mopin"  ■wid  de  blues; 
De  sun  U  soon  come  stealin" 

Tbru  de  clouds  ■wid  better  news 
Jes'  -wKis'le  in  yo'  sorrow. 

Bar  yo    burdens  ■wid  a  smile. 
An    mebbe  by  to-morro'w 

Yo'  kin  res"  a  li  1  while. 


Aim  Aeipisil   Wer^y 

CW'IXGIXG  people  and  freight  across 
•^  a  stream  by  means  of  an  aerial  ferry, 
is  a  novel  method  of  river-crossing  that 
has  been  installed  at  Duluth,  Minn.  The 
contrivance  is  a  kind  of  a  swinging 
bridge,  suspended  from  supports  high 
enough  to  permit  a  ship  with  the  tallest 
mast  to  pass  be- 
low. It  is  prov- 
ing more  sat- 
isfactory than 
either  a  bridge 
or  an  ordinary 
ferry,  and  the 
prospects  are 
that  this  method 
of  crossing 
streams  will 
gain  in  popular- 
ity in  America. 

Duluth  for- 
merly managed 
to  get  along 
with  two  old- 
fashioned,  flat- 
bottomed  ferry- 
boats     at      this 

crossing ;  but  the  traffic  became  so  con- 
gested that  some  other  method  had  to 
be  devised.  Tunneling  under  the 
stream  was  suggested ;  but  the  es- 
timated cost  of  nearly  $2,000,000  made 
this  scheme  impossible.  The  War  De- 
partment would  not  permit  of  the  con- 
struction of  a  drawbridge.  Ships  could 
not  pass  any  other  kind  of  bridge;  and 
so  Duluth  was  in  a  state  of  peri)lexity 
until  one  of  her  residents  went  to  Rouen, 
France,  and  there  saw  traffic  being 
hauled  across  the  Seine  by  means  of  an 
overhead  structure.  This  solved  the 
problem.  He  immediately  went  back, 
and  told  the  people  of  Duluth  about  the 


remarkable  swinging  bridge,  whereupon 
they  decided  to  build  one  like  it.  The 
Duluth  ferry  is  the  only  one  of  its  kind 
in  America,  and  is  the  sixth  one  in  the 
world.  Besides  the  Rouen  structure, 
there  are  similar  ferries  at  Bilbao,  Spain ; 
at  Martrou,  France ;  and  at  Bizerte,  the 
French  naval  station  on  the  coast  of 
Tunis. 


AERIAL  BRIDGE  ACROSS  SHIP  CANAL  AT  DULUTH,  MINN. 
Clear  Span   3Sl'i  feet;  Depth  of  Truss,  50  feet ;  Clear  Heisht  above  Water.  135  feet.- 
will  be  by  means  of  a  Suspended  Car  hung  from  bottom  chords  of  truss. 


-Travel 


The  Duluth  bridge  consists  of  two 
piers  or  towers  on  shore,  supporting  a 
deep  truss  which  spans  the  waterway. 
The  piers  are  of  the  standard  type  used 
in  steel  railway  viaducts,  the  truss  be- 
ing of  the  usual  American  design,  with 
long  panels  and  single  intersections.  The 
posts  are  vertical  on  the  side  facing  the 
channel,  the  other  two  posts  on  the  land 
side  being  battered  to  give  the  necessary 
stabilitv. 

The  Scientific  American  says: 

"In  the  erection  of  the  structtire  the  piers 
were  first  built  to  their  full  height,  and  then 
the  trusses  were  erected  by  the  overhang 
method,  a  temporary  timber  bent  being  used 
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to  support  the  first  panel  of  tlic  truss,  and  tlu- 
rest  of  the  overliaug  Ikmiir  crcctcil  from  travel- 
ing derricks  mounted  upon  tlu-  top  cliords. 
Fron)  the  water  Imc  to  the  boiiom  of  the 
trusses  is  i.ts  feet;  ami,  as  tlie  truss  is  50  foot 
deep,  the  highest  jHvint  is  185  feet  above  tlic 
water.  Tlie  clear  span  between  the  towers 
is  jjSi  feet  6  inches  Special  attention  was 
given  to  wind  pressure,  the  bridge  being  built 
to  witlistand  a  wind  velocity  of  ~o  miles  per 
hour  blowing  transversely  to  the  axis  of  the 
bridge." 

The  traveling:  car  is  stispciulod  from 
the  lower  chords  of  the  structure  hy 
stitT  cables.  Its  floor  is  12  feet  al)ove  the 
water  line.  The  distance  from  bank  to 
bank  of  the  stream  is  maile  in  i|j  min- 
utes. The  car  measures  20  feet  by  30 
feet,  and  has  a  capacity  of  (■>$  tons.  The 
structure  was  built  at  a  cost  of  about 
$110,000. 


of  W  illetls  in  Mendocini^  county.  Tliore 
are  more  than  i.joo  acres  now  in  cultiva- 
tion— set  out  to  very  choice  grapes  of 
many  varieties,  and  tn  orchards  and 
j^roves,  the  latter  coniprisini;-  lemons, 
chestnuts.  orani;es.  i)riuK'S,  pomegran- 
ates, lii^s,  ;dnionds,  etc. 

Tin-  llaIi.■lll-,'~^\\  iss  ('oloiiy  al.'^o  has  ex- 
tensive vineyards,  orciiards,  and  distil- 
leries in  the  San  Joacpiin  valley,  where 
the  fmest  sweet  wines  in  tlu'  I'nited 
."states  are  made.  At  ^Madara  in  a  \:\r^Q 
distilKr\-  wInTc  "Madaia  Cognac"  is 
turnetl  out  at  the  rate  of  4,000  <;allons 
per  day  during^  the  season. 

The  Colony  should  be  p^ivcn  the  credit 
of  bavins:  created  the  eii.,duh  w^ondcr  of 
the  world.  While  tourists  travel  thous- 
ands of  miles  to  visit  the  pyramids  of 


LARGEST  WINE  TANK  IN  THE  WORLD. 


r^ALIFORXIA  may  boast  of  having 
^  the  largest  and  most  productive  vine- 
yards in  the  United  States.  One  among 
the  very  largest  is  that  at  Asti,  in  the 
lovely  Russian  river  valley  in  Sonoma 
county. 

This  is  the  far-famed  Italian-Swiss 
Agricultural  colony,  which  was  organ- 
ized in  1881.  with  an  original  capital  of 
$500,000.  The  original  purchase  w^as  2,- 
000  acres,  closely  bordering  on  the  Rus- 
sian river,  and  situated  on  the  line  of 
the  Northwestern  Railroad  that  extends 
from  San  Francisco  up  to  the  little  town 


Egypt,  and  many  other  monuments  of 
wonder  erected  by  human  ingenuity,  no 
visitor  to  the  State  of  California  will  have 
completed  his  or  her  journey  without 
seeing  the  largest  wdne  tank  in  the  world. 
This  enormous  tank  was  quite  recently 
constructed  by  the  enterprising  colonists. 
It  holds  500,000  gallons  of  wine,  and,  in 
point  of  dimensions  is  about  ten  times 
as  large  as  the  famous  tun  of  Heidel- 
berg in  Germany,  concerning  which  so 
much  has  been  written.  This  great  tank 
was  carved  out  in  a  hill  of  solid  rock. 
When  the  vast  hole  was  completed,  a 
laver  of  concrete  two  feet  thick  was 
placed  at  the  bottom,  sides,  and  top.  Sub- 
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sequently,  the  entire  interior  was  glazed 
like  a  wine  bottle,  leaving  only  a  man- 
hole on  the  cover,  three  feet  in  diameter, 
which,  of  course,  is  hermetically  sealed 
when  the  tank  is  filled  with  wine. 

Two  large  pumps  were  required  seven 
days  to  fill  this  immense  tank ;  but  it  was 
emptied  by  gravitation  through  a  tunnel 
200  feet  long  which  connected  with  the 
winery  of  the  Colony,  in  the  space  of 
four  and  one-half  days. 

The  tank  was  built  in  45  days,  giving 
employment  to  100  laborers,  who  worked 
both  day  and  night  until  the  work  was 
completed.  It  required  for  construction 
1,000  barrels  of  cement,  and  6,000  bar- 
rels of  gravel  and  clean  white  sand,  the 
latter  being  taken  from  the  bed  of  the 
Russian  river,  which  passes  through  the 
lands  owned  by  the  Colony. 

The  tank — 80  feet  long,  34  feet  wide, 
and  24  feet  deep — was  first  filled  with 
wine,  which,  after  nearly  six  months,  was 
emptied,  and  the  immense  "vault" 
cleaned  out  and  scoured.  The  *  wine, 
which  was  removed  into  smaller  tanks 
for  second  fermentation,  proved  to  be 
perfectly  sound,  and  superior  to  the  same 
quality  of  wine  kept  for  a  like  time  in 
the  ordinary  wine  tanks.  The  quantity 
of  wine  contained  in  this  great  cask 
would  supply  the  city  of  San  Francisco 
with  its  nearly  430.000  population,  for  al- 
most one  year.  The  contents  of  this  vat 
would  fill  250  cars. 

After  the  tank  had  been  emptied  for 
the  first  time,  and  cleaned  out,  a  grand 
invitation  ball  was  held  inside.  This 
function  was  attended  by  a  great  many 
prominent  business,  professional,  and 
social  people  in  the  State.  On  that  oc- 
casion, one  hundred  couples  danced  in- 
side of  the  huge  tank  at  one  time,  to  the 
music  of  a  military  band — the  first  event 
of  the  kind  ever  given  in  the  history  of 
the  world,  so  far  as  any  record  shows. 

Besides  this  large  one,  about  50  other 
great  vats  are  used  at  the  Asti  wincrv. 
In  size,  these  smaller  vats  are  55  feet  in 
circumference,  and  20  feet  deep,  having 
a  capacity  of  30,000  gallons  each.  It 
would  take  a  train  of  fifteen  cars  to  haul 
the  wine  required  to  fill  one  of  these 
tanks.  Each  tank  contains  nearly  200,- 
000  claret  bottles  of  wine.  A  hotel  with 
100  boarders  could  be  supplied  with  the 
wine  contained  in  one  of  these  tanks,  at 


a  bottle  a  day  for  each  guest,  for  five 
and  one-half  years ;  and  if  a  man  lived 
to  the  green,  hale,  old  age  of  Methusaleh 
— 969  years — he  could  enjoy  a  pint  bot- 
tle a  day  of  wine  from,  this  mammoth 
"barrel"  during  his  entire  life. 

r^HIEF  WALKER,  of  the  Health  De- 
partment  of  Brooklyn,  N.  Y.,  claims 
to  have  devised  a  very  simple  and  effi- 
cient method  of  v^Mitilating  street- 
cars without  causing  a  draft.  Con- 
fronted with  the  problem  of  pro- 
viding for  the  ingress  of  fresh  air  and 
the  egress  of  foul  air  without  subjecting 
the  passengers  to  a  chilling  draft.  Doctor 
Walker  sought  the  simplest  possible 
means.  He  had  two  openings  about  ten 
inches  apart  made  in  the  "deck  sash"  of  a 
car,  into  which  were  fitted  slats  to  deflect 
the  intake  of  the  air  to  the  roof  of  the  car. 
Between  these  openings  a  shingle  was 
extended  from  the  side  of  the  car  so  that 
the  wind  would  strike  against  it  when  the 
car  was  in  motion.  The  principle  on 
which  the  inventor  proceeded  was  that 
the  air  would  strike  the  front  of  the 
shingle  and  be  deflected  into  the  car, 
while  dust,  cinders,  etc..  would  fall  to  the 
ground.  Simultaneously  the  forward 
motion  would  create  a  vacuum  in  the 
rear,  which  would  suck  out  the  vitiated 
air  of  the  car  through  the  rear  slats.  The 
cold,  fresh  air  introduced  would  sink  to- 
ward the  floor  and  the  heated,  vitiated  air 
would  rise  and  pass  out. 

As  a  test,  rags  and  refuse  were  burned 
in  the  car  until  the  atmosphere  was  made 
absolutely  unbearable.  The  car  was  then 
set  in  motion  at  the  average  rate  of  speed, 
fifteen  or  eighteen  miles  an  hour ;  and 
Doctor  Walker  reports  that  within  two 
minutes  and  thirty  seconds  the  air  within 
was  absolutely  fresh  and  pure.  It  is  esti- 
mated that  during  the  time  the  car  was  in 
motion  300  cubic  feet  of  air  a  minute 
came  into  the  opening  in  the  front,  and  a 
similar  amount  was  exhausted  in  the  rear. 
The  absence  of  a  draft  to  which  passen- 
gers would  have  been  subjected  was  par- 
ticularly noticed  as  the  progress  of  the 
fresh  air  toward  the  bottom  of  the  car 
was  so  gradual  that  it  could  not  be  de- 
tected with  a  lighted  taper. 
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The  ■'Witch  Hojse"  310  Essex  St.,  Salem,  Mass.,  is  said  to  have  been  owned  by  Rog-  r  \\  illiarus,  who  was 
teacher  of  the  first  church  for  several  months.  Tradition  relates  that  the  preliminary  trials  of  the  witchcraft  cases 
look  place  here  when  it  was  occupied  by  Jonathan  Corwin  one  of  the  judges.  The  interior  and  chimney  are  much 
in  the  same  state  as  in    1692. 


The  former  home  of  Louis  John  Rudolph  Agassiz.     Here  he  lived  in  his  home  at  Nahant  for  many  years 
beloved  by  the  fishermen  amd  village  folks.     The  house  is  still  standing  and  occupied  by  his  family. 
(244) 
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House  of  Seven  Gables  in  Salem,  Mass.,  where  lived  Susan  IngersoU  when  during  a  visit  of  her  kinsman, 
Nathaniel  Hawthorne,  she  took  him  up  into  the  attic  and  showed  him  the  Seven  Gables,  which  suggested  the  book  of 
that  name. 
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Page  House  in  Danvers  built  m  1743.  The  old  deeds  are  still  preserved  in  the  house.  Here  at  one  time  Gen. 
Gage  had  his  headquarters,  and  it  was  here  that  during  the  time  the  duty  on  tea  was  imposed,  and  tea  was  a  for- 
bidden luxury,  that  Mrs.  Page,  who  was  a  tory  at  heart,  drank  her  tea  with  friends  upon  the  roof. 
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Number  Twenty — The  Steam  Po^wer  Plant 


Till"  machinery  in  a  power  plant 
is  re(|nire(l  to  furnisli  ])i)\ver  for 
-o  many  difFerent  purposes  and 
under  such  varied  conditions, 
that,  even  for  a  given  rating-,  it  varies 
considerably.  Many  factors  must  be  con- 
sidered in  selecting  the  boilers  and  en- 
gines and  their  accessories. 

Location  of  Plant 

The  leading  points  to  be  considered  under 
this  head  are :  ( i )  Cost  of  dclkcring  coal  to 
boilers:  (j)  Method  of  transmitting  poi<Jcr; 
and  (3)  Cost  of  zcater  for  condensing.  As 
the  handling  of  coal  and  ashes  may  be  an  im- 
portant part  of  the  running  expenses,  the  plant 
should  be  located  near  a  railroad;  and  in 
large  plants,  conveying  machinery  is  often  in- 
stalled. The  value  of  a  nearby  natural  water 
supply  is  apparent  when  one  considers  that 
15  to  20  per  cent  of  the  fuel  can  be  saved  by 
condensing  the  exhaust  steam  from  the  en- 
gines. The  quantity  required  is  considerable, 
for  over  400  pounds  is  usually  necessary  per 
horse-power  per  hour. 

The  building  should  be  of  brick  or  other 
fireproof  material,  and  of  sufficient  size  to  con- 
tain the  machinery  without  cramping.  It  is 
common  practice  to  place  a  wall  between  the 
engines  and  boilers.  The  boilers  are  usually 
placed  on  the  ground  level,  and  the  floor  of 
the  engine  room  raised  a  few  feet  above.  If 
the  engine  is  on  the  ground  level,  a  pit  must 
be  made  for  the  condenser,  because  this  ap- 
paratus  should  be   below   the   engine. 

Boilers 

In  the  boiler,  the  heat  is  transferred  from 
the  fuel  to  the  water.  To  make  the  heating 
surface  more  effective,  the  hot  gases,  in  the 
fire-tube  type  of  boiler,  are  made  to  pass 
through  many  small  tubes,  or,  in  the  water- 
tube  type,  around  water-filled  tubes.  As  to 
economy,  the  two  types  are  about  alike.  The 
fire-tube  boiler  is  a  reliable  generator,  and  is 
often  preferred ;  the  water-tube  boiler  is  safer, 
and  steam  can  be  raised  more  rapidly.  A 
water-tube  boiler  is  shown  here. 


Boilers  are  placed  in  l)rickwork,  lo  ])rLVfnt 
loss  of  heat  from  radialion  fvdni  llir  furnace, 
and  to  guide  the  hot  gases. 

The  Chimney- 
After  giving  up  a  part  of  tlicir  heat  to  the 
water,  the  hot  gases  are  conducted  to  the 
chimney,  from  which  they  escape  into  the  at- 
mosphere. The  chimney  also  aids  the  draft. 
Draft  is  dependent  upon  the  difference  in 
weight  of  the  cool  air  (atmosphere)  and  the 
heated  gases  in  the  chimney.  Therefore,  in 
general,  the  higher  the  chimney,  the  greater 
the  draft.  From  100  to  250  feet  is  the  usual 
height. 

The  Engines 

It  is  the  duty  of  the  engines  to  transform 
the  heat  energy  in  the  steam  into  power.  Steam 
is  admitted  to  each  side  of  the  piston  alter- 
nately, driving  it  back  and  forth  in  the  cyl- 
inder. This  back-and-forth  motion  is  con- 
verted into  rotary  motion  by  the  connecting 
rod  and  crank.  There  are  innumerable  makes 
and  types ;  but  after  the  service  is  determined, 
an  engine  can  be  selected  to  do  the  work  eco- 
nomically. The  engine  is  usually  placed  on  a 
concrete  foundation,  and  so  arranged  that  the 
cylinder  is  near  the  boiler;  this  allows  a  short 
main  steam  pipe. 

The  Condenser 

In  most  power  plants  the  exhaust  steam 
from  the  engine  is  condensed;  that  is,  the 
latent  heat  is  taken  from  it  by  cooling.  This 
changes  it  from  a  gas  (vapor)  to  a  liquid. 
The  great  reduction  in  volume  decreases  the 
pressure  against  which  the  piston  acts,  and 
consequently  reduces  the  amount  of  steam  sup- 
plied to  the  cylinder.  The  condenser  is  merely 
a  shell  containing  many  small  tubes.  Cold 
water  circulates  within  these  tubes ;  and,  as 
the  steam  strikes  the  cold  surfaces,  it  is  con- 
densed. 

An  air-pump  sucks  the  condensed  steam 
(water),  and  any  air  that  may  have  been  in 
the  steam,  from  the  condenser,  and  sends  the 
water  to  the  "hot  well."  This  well  is  simply 
a  reservoir  for  storing  hot  water  until  it  is 
delivered  to  the  boiler. 


(2Je) 
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The  Feed-Pump 

As  the  pressure  in  the  boiler  is  considerable 
(usually  about  150  pounds  per  square  inch), 
there  must  be  some  means  for  forcing  the 
feed-water  into  the  boiler.  This  is  usually 
accomplished  by  a  direct-acting  steam  pump. 
This  piece  of  apparatus  consists  of  two  cyl- 
inders set  in  line,  and  a  piston  in  each.  As 
the  pistons  are  fastened  to  the  same  rod,  steam 
pressure  on  one  moves  the  water  in  contact 
with  the  other.  By  making  the  steam  piston 
larger  than  the  water  piston,  the  pump  will 
easily  force  the  water  into  the  boiler. 

Piping 

In  a  large  plant  there  is  a  confusing  net- 
work of  pipes,  but  every  one  is  an  important 
part  of  the  system.  Some  convey  water,  and 
some  steam.  Of  these  pipes,  the  principal  ones 
are:  (i)  the  Maiyi  steam  pipe,  which  carries 
the  live   steam  from  the  boiler  to   the  engine 


cylinder;  an  Auxiliary  steam  pipe,  to  convey 
steam  to  the  feed-pump ;  a  feed-pipe,  through 
which  the  feed  goes  to  the  boiler ;  and  pip- 
ing  to  connect  the  air-pumps  with  the  hot  well. 
This  piping,  whether  for  steam  or  hot  water, 
must  be  strong  (to  prevent  bursting)  ;  as  di- 
rect as  possible;  and,  for  steam,  should  be 
well  covered,  to  prevent  loss  of  heat  by  radia- 
tion. 

Circulation 

Let  us  assume  the  water  to  be  in  the  boiler. 
After  being  converted  into  steam,  it  passes 
through  the  main  steam  pipe  to  the  engine 
cylinder,  where  it  drives  the  piston.  After 
doing  its  work,  it  goes  to  the  condenser,  where 
it  is  condensed  to  hot  water.  The  water  is 
then  pumped  to  the  hot  well,  from  which  it 
is  drawn  by  the  feed-pump  and  is  forced  into 
the  boiler,  there  to  be  evaporated  again  into 
steam. 


The  Reward  of  Virtue 

•No-.'.  .'■    said    Mrs.    lUill.    "1    want 

you  to  .  iiilc  Tin  out." 

"I'U  U    V  ■'  <i   i-'f  a  nickel."  replied    roiiiiny. 

"Tommy,"  said  she.  "I  want  yon  to  remeni- 
l>cr  that  yon  can  not  be  a  son  of  mine  unless 
you  are  good  for  nothing." 


That  Cozy  Feeling 

The  Visitor — "Wliat  a  (k-liglufully  snu^ 
little  flat  you  have !" 

The  Rkntkk — "Isn't  it?  When  we  open  the 
door  w'e'rc  in  the  middle  of  the  room,  and 
when  the  sunshine  comes  in  we  have  to  move 
some  of  the  furniture  out." 


The  Last  Stra-w 

The  long-haired  caller  in  the  editorial  room 
was  indignant.     "Poets  are  horn,  sir,"  he  said 
to      the      eminently      practical 
editor. 

"Of   course     they    are,"     re- 
sponded   the    editor,    suavely ; 
^     "you  didn't   imagine  I   thought 
^.    they   were   hatched,   did   you?" 
I.  "I   mean.  sir.  they  are  born; 

(  born,  sir — do  you  understand?" 

*-  "I  think  I  do,"  and  the  editor 

rubbed     his     chin     reflectively; 
"but  why  are  they?" 
That  was  the  straw  that  fractured  the  spinal 
column    of    the    camel,    and   the   poet    stalked 
out  of  the  den. — Grit. 


A  Young  Financier 

Oi.  coming  home  from  church  on  Sunday 
Archie's  mother  asked  him  how  he  liked  it, 
and  Archie  said  it  was  fine. 

"What  do  you  like  most  in  the  church?" 
asked  his  mother. 

"Well,  the  best  part  is  where  they  pass 
around  the  money,"  and  turning  to  his  father, 
said :  "How  much  did  you  get  ?  I  got  a 
dime." 


Quotation  Explained 

A  PHYSici.\N,  finding  a  lady  reading 
"Twelfth  Night,"  said:  "When  Shakespeare 
wrote  about  Patience  on  a  monument,  did  he 
mean   doctors'   patients?" 

"No."  she  answered ;  "you  don't  find  them 
on   monuments,  but  under  them." 


Jerry's  Care  for  his  Property 

It  has  been  said  of  the  Southern  darkey  that 
he  has  not  always  a  clear  idea  as  to  property 
rights,  but  on  some  points  it  appears  that  he 
is  not  in  the  least  hazy. 

An  old  colored  man  in  the  days  "befo'  de 
wall"  was  given  one  of  his  master's  cast-off 
hats,  which  he  wore  with  great  pride.  One 
Sunday  his  master  met  him 
coming  home  from  a  camp- 
meeting  in  a  pouring  rain, 
bare-headed  and  holding  his 
hat  under  his  coat.  .  Later  on 
the  master  questioned  him 
jocosely : 

"Why  didn't  you  wear  your 
hat,  Jerry?  Did  you  feel  the 
need  of  cooling  your  head?" 

"You  see  it's  like  dis,  sah,"  responded  Jerry. 
"My  head  is  youps,  but  my  hat  is  mine,  and 
nachelly  I  feels  like  taking  care  ob  it,  sah." 


Collars  and  Cuffs 

Affected  Youth — "You  can  always  tell  a 
gentleman,  don't  you  know,  by  his  collars  and 
cuffs.     I  am  always  particular' about  that." 

Old  Gextlemax — "Yes,  and  if  I  were  your 
father  I  should  be  particular  to  see  that  you 
were  properly  collared  and  cuffed." 

(2^) 


Settled  out  of  Court 

"It  is  a  great  pity,"  said  the  judge,  "that 
old  friends,  as  you  seem  to  have  been,  should 
appear  before  me  in  such  a  way.  Surely  this 
is  a  case  which  might  be  settled  out  of  court  ?'' 

"It  can't  be  done,  judge,"  answ^ered  the 
plaintiff,  moodily.  "I  thought  of  that  my- 
self, but  the  cur  won't  fight." — Boston  Herald. 
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Time  is  Money 

Clerk — "I  would  like  a  small  increase  in  my 
salary,  sir." 

Merchant — "I  do  not  see  my  way  clear  to 
that,  but  I  can  do  the  same  thing  in  another 
way.     You  know  that  time  is  money?" 

"Yes,  sir." 

"Well,  hereafter  you  can  work  until  six, 
instead  of  leaving  at  five." 


Slight  >Iisunderstanding 

A  YOUNG  lady  stepped  into  a  nearby  drug 
store  the  other  day  and  asked  how  to  take  a 
dose  of  castor  oil  without  tasting  it.  The 
proprietor  fooled  around  a  while 
^.n^  and  then  asked  her  if  she  would 
~'  like  a  glass  of  lemonade.  Of 
course  she  would  Then  he  wanted 
to  know  if  she  tasted  castor  oil. 
"Heavens,  no,"  she  exclaimed ; 
*'did  you  put  it  in  the  lemonade  ?" 
He  told  her  he  had.  "O,  Lord," 
she  said,  "I  wanted  it  for  my 
mother." — Ex. 


A  Post  Mortem 

President  Ingalls,  of  the  "Big  Four"  rail- 
waj',  tells  of  a  system  adopted  by  a  division 
superintendent  for  eliciting  information  rela- 
tive to  the  destruction  of  farmers'  property 
along  the  line  of  the  railway.  The  superin- 
tendent had  printed  a  blank  form  on  which 
was  to  be  written  among  other  things  the 
name  of  the  animal  killed,  the  kind  of  animal, 
etc.  A  space  was  reserved  for  a  reply  to  the 
following  question:     "Disposition  of  carcass?" 

A  flagman,  whose  duty  it  became  on  one 
occasion  to  report  concerning  the  death  of  a 
cow,  turned  in  his  written  report,  with  the 
following  set  opposite  the  question  last  referred 
to  :     "Kind  and  gentle." 


Rough  on  Himself 

"Gentlemen,"  said  the  candidate  for  Con- 
gress, "you  twit  me  with  having  turned  my 
coat.  Years  ago  I  supported  this  measure. 
Then  i  had  a  reason.  But  now,  gentlemen, 
I  have  lost  my  reason."  And  he  wondered 
at  the  deafening  smile  that  pervaded  the 
meeting. 


Sentiment  and  Autograph 

A  PROMINENT  member  of  the  Franklin  Inn 
Club,  Philadelphia's  foremost  literary  organ- 
ization, at  a  gathering  of  book-writers  recently, 
told  a  new  anecdote  of  F.  jNIarion  Crawford, 
the  novelist. 

A  certain  young  lady,  so  the  story  runs, 
wrote  to  Mr.  Crawford  requesting  that  he 
send  her  a  bit  of  sentiment  and  his  autograph. 
The  reply  was  : 

"Dear    Miss   A :      When   you   request   a 

favor  that  is  of  interest  only  to  yourself,  please 
inclose  a  two-cent  stamp.  There's  your  senti- 
ment and  here's  your  autograph. — F.  Marion 
Crawford." 


As  Others  See  Us 

A  YOUNG  man  started  in  the 
livery  business  a  few  weeks  ago, 
and  the  first  thing  he  did  was  to 
have  a  sign  painted  representing 
himself  holding  a  mule  by  the 
bridle.  He  was  particularly  proud 
of  this  stroke  of  business  enter- 
prise, and  straightway  asked  of 
his  wife  : 

"Is  that  not  a  good  likeness  of 
me  ?" 

"Yes,"  she  replied,  "it  is  a  perfect  picture 
of  you ;  but  who  is  the  fellow  holding  the 
bridle  ?" — Clipped. 


Nationality  Unknown 

IM'LuBCERTY  —  "  Nora,  me 
jewel,  Oi  hov  wan  for  yez. 
Av  a  man  is  born  iu  Lapland, 
lives  in  Finland,  an'  dies  in 
Poland,  phwot  is  he?" 

Mrs.  M'Lubberty  (prompt- 
ly)— "A  car-r-rpse." 

M'Lubberty  (disgustedly)  — 
"Begorra.  somebody  .must  hov 
told  yez." 


Too  Personal 

Respectable  Deacon — "I  wish  that  young 
Canon  Mayberry  weren't  obliged  to  preach  to 
such  a  small   congregation." 

Frivolous  Widow — "So  do  L  Every  time 
he  said  'Dearly  beloved'  this  morning,  I  felt 
as  if  I  had  received  a  proposal." — Smart  Set. 


Lost  Rest 

Deacon  Jones — I  have  been  losing  lots  o' 
sleep  during  the  past  two  months. 

Friend — Yes ;  I  noticed  you  hain't  been  at- 
tending church  much  lately.  —  New  Orleans 
Times-Democrat. 


Horse  Sense 

Jim  Johnson — Am  yo'r  horse  afiaid  ob  au- 
tomobiles ? 

Joe  Jackson — Yais. 

IiM  Johnson — Ah  thought  ho  was  blind  and 
deaf? 

Joe  Jackson — He  am — but  he  kin  smell.— 
Puck. 
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Botttls  Flyiifiig  Maclhinin\e 

Pk»  )F.  R.  II.  r.OITS.  of  San  Fran- 
cisco, California,  has  invcntccl  a  new 
airsliii>.  or,  rather,  a  llyinjx  machine,  on 
a  principle  decidetiiy  novel.  The  ma- 
chine has  no  g:as  intlation  whatever,  he- 
inp  a  purely  mechanical  self-liftin.c;  and 
sclf-propellinpf  tlevice. 

The  professor  has  given  many  years' 
close  study  to  the  vexed  question  of 
aerial  navicfation.  and  confidently  be- 
lieves that  lie  has  solved  the  problem. 

The  r.otts  machine  consists  of  a  cir- 
cular aeroplane  twenty  feet  in  diameter, 
stretched  very  taut  within  a  hoop  made 
of  strong  steel  tubing.  In  the  center  of 
this  aeroplane  is  a  small  circular  open- 
ing about  five  feet  in  diameter.  The  in- 
ner hoop  is  made  of  light,  strong  wood. 
There  are  four  "neutralizing"  propellers, 


twi)  of  whicli  revolve  lutri/j  •nlallw  and 
two  vertically.  The  foninr  arr  to  uplift 
the  machine,  and  the  latter  to  drive  it 
through  the  air.  The  horizontal  pro- 
l>ellers  are  ]ilaced  at  the  top — above  the 
central  opening  of  the  aeroplane.  These 
propellers  arc  placed  one  a  slight  dis- 
tance al)Ovc  the  other,  the  upper  being 
the  smaller  of  the  two.  All  four  pro- 
pellers are  made  of  light,  strong  wood 
a;-d  aluminum. 

F.ach  set  of  two  propellers  revolves  in 
a  different  direction  from  the  other;  but 
the  blades  are  so  geared  as  to  direct  the 
resultant  force  in  one  direction  ;  that  is, 
both  of  the  horizontal  propellers  pull 
straight  upward,  while  the  vertically  re- 
volving propellers  impel  the  machine 
straight  forward  at  the  same  time. 

These  neutralizing  propellers  tend  to 
hold  the  machine  steady,  and  prevent  it 
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from  swinging  around  when  in  flight, 
which  would  occur  if  the  propellers  did 
not  revolve  in  opposite  directions. 

In  the  center  of  the  machine  is  placed 
the  frame,  or  car,  made  largely  of  bam- 
boo, and  aluminum.  This  contains  the 
boiler,  engine,  and  lieveled  gearing  that 
drives  the  propellers,  and  also  the 
aeronaut  himself.  The  car,  the  aero- 
plane, and  the  braces  for  the  propellers, 
are  all  very  securely  lashed  together  by 
steel  and  aluminum  wire  and  flexible 
cords.  The  boiler  contains  65  square 
feet  of  heating  surface.  Steam  power 
is  used  ;  and  the  two  engines  have  con- 
jointly about  6  horse-power. 

The  propellers,  each  about  5  feet  in 
diameter,  can  be  speeded  at  as  high  a 
rate  as  500  revolutions  per  minute.  The 
engines  act  almost  directly  on  the  pro- 
peller shafts,  which  are  of  aluminum 
piping,  so  that  but  little  power  is 
lost  in  transmission.  The  rudder  is 
small  i..-d  light.  It  works  on  a  sort  of 
hinge-pivot,  and  can  instantly  be  changed 
to  operate  at  any  angle — vertically  or 
horizontally  by  a  lever.  The  propellers 
work  in  conjunction  with  the  aeroplane, 
which  is  inclined  at  a  slight  upward 
angle.  The  greater  the  forward  speed, 
the  greater  the  buoyant,  sailing  qualities 
of  the  aeroplane.  The  latter  is  made  of 
strong  parachute  cloth,  and  is  so  rigged 
that  it  can  easily  be  reefed  or  furled 
should  the  wind  prove  too  strong.  The 
aeroplane  may  also  be  used  as  a  para- 
chute whereby  a  descent  can  be  made 
safely  should  the  machinery  become  dis- 
abled during  a  flight. 

Strength  and  lightness  are  combined. 
The  entire  machine  weighs  only  214 
pounds  including  the  aeronaut.  Profes- 
sor Botts  does  not  think  that  gas  inflation 
is  necessary  to  air-navigation ;  yet  his 
machine  is  so  arranged  that  gas  could 
be  used  in  an  auxiliary  way. — /.  M.  B. 


>ra 


trap,  only  that  it  does  not  imprison  or 
harm  the  bird.  The  best  results  are  ob- 
tained by  placing  the  camera  near  the 
nest.  A  string  is  stretched  from  the 
shutter  release  across  the  nest,  and  when 
the  bird  steps  on  or  into  the  nest  it  pulls 
the  string  and  takes  a  snap  shot.  Even 
after  the  young  birds  are  able  to  leave 
their  abodes,  they  often  make  the  nest 
their  headquarters,  and  return  there  to 
get  the  food  brought  by  the  parent  bird. 


IV/fAKING  birds  take  their  own  pictures 
is  a  new  practice  of  the  ornithologist 
that  is  proving  most  fascinating.  The 
process  is  as  simple  as  it  is  interesting. 
A  camera  is  made  to  take  the  place  of  a 


Setting  Camera  for  Birds  to  Photograph 
Themselves. 


Birds,  however,  may  be  made  to  photo- 
graph themselves  in  the  fields,  in  the 
yard,  on  the  eaves  of  houses,  on  fences, 
or  almost  anywhere,  by  merely  baiting 
the  piece  of  string  that  leads  from  the 
shutter.  One  late  device  is  to  place  a 
piece  of  fat  at  the  end  of  a  wire  elec- 
trically connected  to  the  shutter  of  the 
camera.  Timid  birds,  such  as  the  thrush, 
will  approach  the  bait  and  pick  it  up.  At 
once  the  shutter  is  moved  by  this  action, 
and  an  instantaneous  exposure  is  ob- 
tained. To  get  photographs  of  nocturnal 
birds,  the  wire  is  arranged  to  ignite  a 
little  magnesium  as  it  releases  the  shut- 
ter. Still  another  method  of  getting  the 
pictures  of  birds  in  their  natural  ele- 
ments, is  for  the  photographer  himself 
to  operate  the  camera  from  a  hiding 
place  by  means  of  a  string  or  a  long  rub- 
ber tube,  the  latter  being  used  where  the 
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shutter  has  a  pncuniatio  release,  looil 
is  spread  on  the  jjromul  to  attract  the 
binls.  \\\  this  process  the  photoi^rapher 
can  watch  the  action  of  the  hirds.  aii»l 
take  the  picture  at  the  most  desired  mo- 
ment. 

Kohert  lleixner.  an  expert  hird  pho- 
tographer, recently  ohtained  a  very  inler- 
estinpf  picture  of  two  hahy  hawks,  by 
making  the  mother  hawk  manipulate  the 
camera.    Although  the  youuir  hawks  had 


YoiNG  Hawks  rnoTOGRAi  hed  by  Mothi;r  Bird. 

left  their  nest,  he  noticed  that  they  lin- 
gered near  it,  and  it  was  here  that  the 
mother  hawk  brought  the  food  for  them. 
So  he  placed  the  camera  near  the  nest, 
and  the  mother  hawk  sprung  the  trap 
and  photographed  the  youngsters  as  she 
started  to  feed  them.  In  one  of  the  ac- 
companying illustrations,  Mr.  Hegner  is 
seen  arranging  the  camera  over  a  bird's 
nest  so  that  the  mother  bird  will  make 
a  snapshot  of  herself  when  she  returns. 


To    Ps'eses'^®   Ainaes^ace^E^ 

QX  THE  RECOMMEXDATIOX  of 
^^  the  Rev.  Henry  Mason  Baum,  the 
United  States  Government  has  taken 
steps  to  preserve  the  extensive  ruins  dis- 
covered in  the  Navajo  Indian  reservation 
in  northeastern  Arizona.  A  custodian 
has  been  appointed  for  the  De  Chelly, 
Del  Muerto.  and  ^Monument  canyons,  and 
no  one  w  ill  be  permitted  to  make  excava- 
tions except  under  direction  of  the  proper 
authorities.  In  these  canyons  are  clifif 
dwellers'  ruins,  varying  in  size  from  a 


single  room  i)ercluMl  on  st^nic  ledge,  to 
an  extensive  communal  building  number- 
ing as  many  as  J^  rooms  and  several 
.•storii-s  in  luigbl.  (  )ii  the  canyon  bot- 
toms are  nu)st  interesting  i)uebU)  ruins, 
'i'liere  are  more  than  Joo  of  both  classes, 
and  at  one  lime  they  nmst  have  housed 
a  population  of  15.000  .souls.  Students 
of  American  ])rehistoric  civilization  hold 
that  the  cliff  and  ])ueblo  dwellers  be- 
longeil  to  ilic  same  race  and  possessed 
the  same  characteristics,  dwelling  in  har- 
monv.  It  is  of  interest  to  note  tli.at  tl)c 
Indians  who  now  dwell  in  the  canyon 
show  a  far  less  advanced  civilization  than 
did  its  ]irehistoric  occupants.  Del 
Muerto.  "the  Canyon  of  Death,"  takes  its 
name  from  the  fact  that  at  the  time  of 
the  Spanish  conquest  a  large  force  moved 
on  the  canyon  and  massacred  hundreds 
of  Indians. 


)tl©eIlo  M^irdl  s^§ 


(^HOPPING  a  cold  crowbar  into 
^  chunks  with  an  ax  and  whittling 
a  steel  rod  into  shavings  with  a  pocket- 
knife,  are  made  simple  performances 
through  a  new  process  of  steel  tem- 
pering that  is  alleged  to  have  bcc-n 
discovered  by  a  couple  of  men  in  the 
little  town  of  Republic,  Washington. 
In  fact,  a  steel  axe  and  pocket-knives 
that  had  been  tempered  by  the  process 
are  alleged  to  have  actually  been  made 
to  perform  these  seemingly  impossible 
feats  in  the  presence  of  newspaper  men 
and  other  witnesses.  Damascus  steel 
would  be  of  vastly  inferior  quality  to 
the  newly  tempered  metal,  according  to 
the  claims  of  the  proprietors  of  the 
secret. 

The  process  consists  in  the  use  of  cer- 
tain chemicals  in  water  or  oil  in  the  tem- 
pering vessel.  It  is  claimed  that  any  kind 
of  tool — from  a  blunt  hammer  head  to 
a  keen-edged  razor — can  be  tempered 
to  a  perfection  never  before  attained. 
Drills  tempered  by  the  process  are  said 
to  have  stood  the  test  of  use  for  forty 
days  without  sharpening,  in  driving  the 
tunnel  on  the  Wasco  mine  through  the 
hardest  kind  of  rock. 
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Every  time  you  press  a  key  and 
print  a  letter  on  a  typewriter,  you 
use  from  2  to  8  ounces  of  force. 

Every  time  you  return  the  car- 
riage to  begin  a  new  line,  you  use 
from  1  pound  to  4  pounds  of  force. 

40  letters  a  day  averaging  26 
lines,  50  characters  to  a  line  means 
from  7540  lbs.,  to  30160  lbs.  of 
force  expended. 

No  wonder  Typewriters  wear  out 
and  operators  get  tired. 

The  lowest  figures  above  re- 
present the  Fox  Tj^pewriter,  the 
others,  practically  every  other  Type- 
writer than  the  Fox. 

The  heavy  tension  of  these  other 
Typewriters  is  necessary  in  order 
to  operate  the  machine. 

THAT'S  WHY  Fox  Typewriters 
outlast  all  others. 

THAT'S  WHY  Fox  operators  do 
more  work. 

Let  us  send  you  one  at  our  expense 
so  you  can  prove  these  statements. 

At  least  send  for  our  catalogue. 

Fox  Typewriter  Co. 

620  North    Front    Street, 
Grand  Rapids,  Mich. 
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A  workingman  asked  a  successful 
Pittsburgh  linancier  how  he  might 
invest  his  savings  to  best  advan- 
tage— 

The  answer  came  without  hesi- 
tation— 

"Put  it  in  a  strong  savings  bank 
where  it  will  earn  4  per   cent." 

**But  how  am  I  to  know  when 
a  savings  bank  "is  safer 

"They  are  all  safe,"  replied  the 
linancier,  "the  laws  make  them  so. 
You  can  determine  the  relative 
strength  by  comparing  the  capital 
and  surplus  with  the  deposits — The 
greater  the  capital  and  surplus  in 
proportion  to  deposits,  the  stronger 
the  bank." 

The  working  man  made  his 
comparison  and  the  Peoples  Savings 
Bank  now  has  his  account — 

It  pays  4  per  cent,  interest  com- 
pounded twice  a  year — and  offers 
absolute  security — 

YOU  CAN  BANK  BY  MAIL 
Deposits    are    accepted    in    any 
amount  from  $1   up.     Write  today 
for  Booklet  "T." 

Capital,  $  l  ,000,000 
SURPLUS,  $1,000,000 

PEOPLES    sayi:n^gs    35a:n^k 

FOUUTII   AVK.   AN1>  AVOOD  ST. 

lMTTSr.UK(iII,   PA. 
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SAVE  MONEY!  UnU/? 
GET  SECURITY!"""  ' 


By  Im!.}!.':- .^-     i' 

HoHzer  Watchman's  Clock 


M.-inv  a  oatvliinin  >i.\s  care'  t  •■>  '  h--'-  lilic  t!  is  ul  m  mi  liis 
rouoiU  riniy-int;  in  on  a  Holtzer  WatctunaJl'l  Clodl. 


//  Reduces  Your 
Insurnncc  Rate 


It    May  S a  v e 
Your  Factory 


Do  not  wait  until  the  fire  catches  you  but  write  us  to-«1aj-. 
Ltt  us  tc'il  yuu  all  about  it.    Ask  for  bulletin  >"o.  115'J. 

'    Holtxcr-Cabot  Eloctrlc  Company 

N»w  York  395  Dearborn  SI.,  Chicago         Brookllne,  Mass. 


^WATERPRDDF 


LIQUID 


COURT 
PIASTER 


Heals  Cuts,  Abrasions,   Hanjj^Nails, 

Chapped  and  Split  Lips  or  Finjjers, 

Burns,  Blisters,  etc.     Instantly 

Kelie\es    Chilblains,    Frosted 

Ears,     Stings    of     Insects, 

Chafed  or  Blistered  Feet, 

Callous  Spots, etc., etc. 

A  ooatint'  nn  the  sensitive  parts  will  pro- 
t«-.t  the  feet  from  being  chafed  or  blistered 
j)y  new  rir  heavy  shoes. 

Applle<l  with"  a  brush  and  Immediately 
dries,  formlnif  a  toutrh.  transparent,  color- 
less waterproof  coating. 

Mechanics,  Sportsmen, 
Bicyclists,  Golfers,  Etc. 

are  all  liable  to  bruise,  scratch  or  scrape 
their  skin.  "NKW  SKLV  will  heal  these 
Injuries.  wiLi,  nut  wash  off,  and  after  it 
is  applied  the  Injury  is  forgotten, as".S"EW 
SKIN"  makes  a  temporary  new  skin  until 
the  broken  skin  Is  healed  under  it. 

EACH 

PotketSIie  (Size  of  Illustration)   .    .    .    l(»c 

KaniilT  SUe ».« 

•1  ui.  Kotit.  (for  Surgeons  and  Hospitals;  aOc 
^\T;  GCARaXTEE  our  claims  for  "XEAV 
SKIN."  No  one  guarantees  substitutes  or 
Imitations  trading  on  our  reputation.  In- 
sist on  getting -NEW  SKIS." 

At  the  Drneslslii,  or  we  will  mall 
a  package  anywhere  in  the  United 
States  on  receipt  of  price. 


DOUGLAS  MFG.  CO. 

Lii-|.t.  UiO 

II //M     96-102  Church  Street,  N.  Y. 


W 
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PERSONAL   AND 
MISCELLANEOUS 


'-.^v 
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Automobile  Rambles. 

.Mk.  j.  I'".  MiLi.KK.  (lirocliir  of  llic 
Anurican  School  of  CorrcspomU'iicc,  rc- 
cciitlv  made  a  .'^ccond  lonj.;;'  run  in  his 
t\vo-cvhii(I(.T  J\amhlcr.  Icavinj^  Chicaj^o 
on  June  2\^i  for  Iii.s  home  near  Roche.s- 
t«  r,  N.  Y.  lie  arrived  there  June  2()th 
where  he  made  his  headquarters  for  a 
Iai-i;^c  nuinhcr  of  side  tri])s,  inchi(hnf?  vis- 
its to  Portage,  N.  Y.,  the  Gencsco  River 
llic^h  Banks,  Coneses  and  Candagua 
Lakes,  Niagara  Falls,  etc.  He  returned 
to  Chicago,  arriving  July  25th,  having 
made  over  1500  miles  in  his  Rambler 
.Motor  Car  and  visited  a  large  number 
i>f  ])rincipal  cities  en  route.  The  entire 
•  listance  of  1500  miles  was  made  without 
a  delay  of  any  kind  due  to  the  car,  and 
no  roads  were  found  too  hilly  nor  sand 
loo  deep  to  interfere  with  the  run. 

Concerning  the  requirements  and  ex- 
penses on  the  trip,  Mr.  Miller  states  that 
common  sense,  and  gasoline  at  15  cents 
per  gallon,  were  all  that  he  had  found 
necessary  for  his  Rambler  car,  and  he 
could  rely  on  going  ten  miles  for  every 
gallon  of  gasoline  without  a  stop. 

The  machine,  which  has  just  completed 
this  journey  without  an  accident  of  any 
kind  or  one  cent  of  expense  aside  from 
gasoline,  ran  over  5.000  miles  last  year 
with  an  equally  successful  record. 


A  Mammoth  Sign 

Ax  .vDVERTisiXG  SIGN  ranking  among 
the  largest  in  the  world  adorns  the  side 
of  an  office  building  in  the  city  of  Balti- 
more, Md.  As  the  photograph  shows, 
it  is  the  sign  of  a  telephone  company,  and 
is  really  very  artistic  considering  its  huge 
proportions.  An  idea  of  the  size  can  be 
gained  when  it  is  stated  that  the  pencil 
in  the  man's  hand  is  no  less  than  15  feet 
in  length,  while  his  head  measures  25 
feet  from  chin  to  top  of  hair.  His  hand 
alone  measures  nearly  20  feet ;  while 
from  the  lower  portion  of  the  body  shown 
in  the  picture  to  the  top  of  the  head,  the 
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This  Typewriter 
Saves  its  own 
Cost  in  a  Year 


Cut  out  unnecessary  Time  Wastes ! 
Save  Time  in  your  office. 

Save  money  in  your  typewriting  department ! 
Get  more  work  from  your  Operators  in   less 
time  and  at  less  labor  to  them — Use 


Tlje. 


T^peWri-fer 

We  Standard  Visible  Writer 

Saves  1-10  the  operator's  time  by  enabling  her 
to  see  her  work  — to  save  her  raising  the  Carriage 
of  her  Blind  typewriter  to  see  what  she's  written 
■ — to  make  corrections — to  find  out  where  she's  at. 

Save  Time  on  Repairs — for  the  Oliver  has  % 
the  Number  of  Parts  the  ordinary  typewriter  has 
— therefore  J  3  the  opportunity  to  get  out  of 
order  — 

Each  Oliver  will  easily  save  3s  the  Operator's 
Time— when  you  consider  these  two  factors  of 
seeing  and  saving  on  repairs. 

If  you  pay  $800  a  year  in  Stenographers'  Sal- 
aries each  Oliver  will  save  about  yi  of  that— or 
$100.00. 

So  that  Each  Oliver  will  Save  its  own  Cost  in  one  year. 

We  can  refer  you  to  the  largest  Corporations  and 
Business  Houses  in  the  United  States  who  have  proved 
this  in  actual  experience- 
Can  you  afford  to  be  v/ithout  the  Oliver? 

LOCAL,  AGENTS— There  is  Big  Money  as  Local 
Agent  for  the  Oliver— It  saves  its  ov/n  Cost  in 
one  year— We  help  you  Make  Money— Certain 
exclusive  territory  now  open — Maybe  we  can  let 
you  represent  your  own  town— 'Write  at  once 
for  the  opportunity  may  never  occur  again — 
Address 
THE  OLIVER  TYPEWRITER  CO., 

135  Wabash  Avenue,  CHICAGO,  ILL. 

Principal  Foreign  Office-75  Queen  Victoria  St.,  London 


STUDENTS 

desiring  to  purchase  an 
indicator  should  write  us 
for  our  special  proposition. 
^  When  you  buy  an  indi- 
cator,  you   want   the   best. 


yp* 

^"■^ 

^E 

1 

Shhwi 

I 

^^auai'JH^^lP  J 

» 

If  *. 

■  ^C^ 

AMERICAN  THOMPSON 
IMPROVED  INDICATOR 

is  the  standard  by  which 
all  others  are  judged. 
Don't  put  it  off,  write  now. 

Catalogue   8-T   sent   on   request. 

American  Steam  Gauge 
and  Valve  Mfg.  Co. 

NEW  YORK        BOSTON,    MASS.  CHICAGO 

ATLANTA  SAN  FRANCISCO 
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A  Remarkable  Pump 


M  A  1)  K     A   1 


l;  A  1    1  1  E   CREEK,   M  IC  H  . 

R\-  T'     Uni(Hi  Steam  Pump  Co. 


TlIK  time  was  when  the  village  of  Battle 
I  r,.,  I      \i.,h.,    boastfd    of    (UK)  or   fcWH) 
Aiudiih    thorn    was    one 
"Tuni;  a  man  who  made  and  sold 

pump  loj;s  and  heads.  He  was  successful, 
made  money  fast,  engaged  in  the  hotel  and 
salivon  business,  went  wrong, 
\\.«si-on\  ictodof  murder,  pass- 

!•  h  p<'ople  do, 

1  -sion  that  the 

t:..    ,  ,       c  were  those 

usiMcl   for   watering    cattle   or 
for  household  purjx)ses. 


^  Later  on  there  emanated  from  a  small  ma- 
chine shop  the  possibility  of  making  steam 
pumps  for  feeding  boilers  used  on  traction 
engines,  the  outcome  of  which  was  the  build- 
ing up  of  a  great  industn,'  for  the  manufacture 
of  the  Moore  steam  pumps,  ranging  in  size 
from  50  gallons  to  500  gallons  per  hour.  This 
was  called  a  type  of  steam  actuated  cylindri- 
cal valve  pump,  of  which  many  thousands 
have  been  sold  and  are  being  used  in  almost 
ever}-  country  on  the  globe.. 
fl  The  knowledge  obtained  by  working  out  the 
Moore  pump  led  up  to  one  Frank  .\.  Burnham, 
who  brought  out  a  flat  slide  valve  engine  for 
pumps  embracing  a  great  many  of  the  sensi- 
tive points  and  eliminating  the  objectionable 
points  by  introducing  an  outside  controlling 
device  which  made  it  impossible  to  short  stroke 
the  pump;  afterwards  I.  N.  Moore,  inventor 
of  the  Moore  pump,  introduced  features  to 
prevent  the  piston  striking  the  heads  on  a 
minimum  clearance  of  one-eighth  inch  when 
the  load  was  for  any  cause  suddenly  removed. 
The  consummation  of  all  this  makes  it  possible 
for  a  Burnham  pump  to  be  worked  under 
5*XH)  pounds  more  or  less  and  neither  short 
stroke  nor  injure  should  the  load  be  instantly 
removed. 

^  The  intelligence  of  these  engineers,  Burn- 
ham and  Moore,  has  been  transferred  and 
embodied  in  these  pumps. 

fl  The  Union  Steam  Pump  Co.,  by  their  efforts 
to  give  to  the  public  the  very  best  in  the  pump 
"line  have  become  known  as  honorable  and 
square  dealers.  Where  any  one  desires  this 
kind  of  sen.'ice,  they  will  always  find  it  by 
the  asking.  Adv. 


PERSONAL  AND  MISCELLANEOUS -(Continued) 

ilistaiicc  is  over  (k)  ffi-l.  'Yo  paint  this 
niainniDth  sii^ii,  (he  .services  of  nine  men 
were  retjuired  for  a  period  of  three 
weeks :  and  several  hundred  p^allons  of 
paint  were  re(|iiired  for  the  haeks^roimd, 
leiterini"-,   and    fiijurcs.      A    further    idea 


Mammoth  Advertising   Sign. 

A  characteristic  example  of  some  present-day  tendencies 
in  the  art  of  publicity. 


of  the  great  dimensions  of  the  sign 
can  be  obtained  by  comparing  the 
man  as  to  height  with  the  build- 
ing which  forms  the  background ; 
also  with  the  signs  in  the  foreground. 
The  man  is  literally  over  three  stories 
high,  for  the  ofifice  building  as  \\\\\  be 
noted,  has  seven  stories.  The  other  signs 
are  of  large  proportions,  but  are  dw^arfed 
bv  contrast  with  the  one  described. 


Unique  Shop  Windo-w 

Ix  THE  SouTinvE.STERx  ciTiE.s,  many 
of  the  shop  windows  present  interesting 
studies.  This  photograph  was  taken  in 
a  Xew  Mexico  store  w'here  a  -specialty  is 
made  of  selling  Indian  weapons  and 
charms  such  as  are  used  by  the  Medicine 
Men  of  the  Southw^est.  The  figure  itself 
is  of  a  large  Indian  idol  attired  in  the 
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Two  New  Catalogues 

From  the  press  of  the 
Globe-Wernicke  Co.  are  now 
ready  for  distribution. 

No.  V  805  describes  our 
complete  line  of  filing  cab- 
inets including  nearly  fifty 
different  patterns  in  both 
sectional  unit  and  solid  con- 
struction. 

No.  V  905  describes  the 
various  supplies  which  we 
also  manufacture  for  these 
cabinets  including  card  index 
cards,  guides,  vertical  file 
folders,  indexes,  transfer 
cases,  etc. 

These  two  catalogues  are 
fully  as  comprehensive  as 
any  and  more  valuable  than 
most  text  books  on  the  sub- 
ject of  modern  office  equip- 
ment. Copies  mailed  free 
on  request  together  with  list 
of  authorized  agents.  Where 
ented   we    ship    goods    on    approval,    freight    paid 


BRANCHES: 


NEW    YORK 


BOSTON 


CHICAGO 
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SELL 
PATENTS 


If  you  \%i»h  to  buy  or  lease  on 
royally,  palrnis  on  hardware  or 
mail-order  jpeeinltien,  machin- 
ery, in  fact  anything,  write  tome. 

LWENTORS 

oesirous  of  sellina  their  patents  quickly 
•  nd  to  the  best  ad\'antage  should  register 
v»  ith  me.  1  can  save  you  time  and  money. 

CHARLES  A.  SCOTT. 

797  Mutual  Life  Building. 
BulTalo,  N.  Y. 


Louisa  Hill 
PATENT  ATTORNEY 

I3:^G  Ni  \vYonii  A>  tNUE 
WASHINGTON.D.C. 


PATENTS 

^L  SECUR.ED    OR.    FEE    R.ETUR.NED 

Free  opinion  as  to  patentability.    Send  for  Guide 

Book  and  What  To  Invent,  finest  publication  is- 

sned  for  free  distribution.    Patents  secured  by  us  advertised 

free,  EVANS.  WILKENS  &  CO. 

No,  600  F  Street,  N.  W.  WasKington.  D.  C. 


PATENTS 


TWENTY-FIVE  YEARS  ACTIVE    PRACTICE 

Specialty':    PATENTS  THAT  PROTECT 

Caveats,  Trade  Marks, 
Copyrights  ani  Designs 

Send  your  business  direct  to  Washington.  Saves  time  and  in- 
sures better  service,  Persorval  Attentlorv  Gviaranteed 

£.    G.    SIGGERS,    suite  lO  National  Vniom  h\dg. 
Patent  Lawyer  Washimgton,  D.  C. 

ATENTS 

Valuable  Book  on  Patents  FREE.     Tells  how  to 
secure   them  at  low  co.-t.    How  to  Sell  a  Patent,  and 
TVhat  to  Invent  for  Protlt.  Gives  Mechanical  Movements 
Invaluable  to  Inventors.      Full  of  Money-Making  I'atent 
Information.      NEW    BOOK    FREE  to  all  who  write. 
O'flEARA  A-   BKOCK,   I'ntcnt  .tttrs.,  91",  K.  SIrett,  .V.  W.,    Wa>liInston,  I).  C. 

NEW  YORK  OFFICE,  290  Broadway,  New  York  City. 


PEKSONAL  AND  MISCELLANEOUS  -  (Concluded) 

c"o^tiuiic  III  tlu'  Kitl  Men,  wliilf  at  il.s  foot 
arc  a  {^rtinp  of  inia^i's  hclicvcd  to  be  en- 
dowed with  .^u|)eniatural  ])owers.  They 
are  carved  from  hoth  wood  and  stone, 
."^iirrtiuiuhnij   the  elVitJv  are  shoes  which 


Indian   Shop  Window. 

it  is  behevcd  will  protect  the  w'earcr  from 
the  bite  of  snakes ;  also  charms  compris- 
ing- rattles  and  pieces  of  bone  which  have 
been  blessed  or  touclicd  by  the  Medicine 
Alen  to  insure  good  luck  to  those  who 
carry  them. 


Why  He  Became  a  Partner 

LJE  was  always  in  his  place  before  the 
■*•  ■*■  whistle  sounded. 

He  never  kicked  when  asked  to  work 
an  extra  fifteen  minutes  after  "quitting 
time." 

He  worked  as  hard  when  the  boss  was 
gone  as  when  the  boss  was  around. 

He  got  a  thorough  knowledge  of  the 
business  by  studying  nights. 

W^hen  he  asked  for  a  raise  it  was  no 
blufif — he  had  another  job  in  his  pocket. 

When  promoted  to  foreman  he  had  no 
attack  of  "wind  in  the  head." 
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SOLIDHED  THUMB  TACKS  IN  COLORS  ARE  THE  HANDIEST  AND  MOST  ATTRACTIVE  FASTENING 
For  Drawings,  Show  Cards,  Photos,  Window  Dressing,  etc.    Sample  doz.,  postpaid,  colors,  20c.;  brass,  10c. 
HAWKES-JACKSON  COMPANY,  Makers,  82  Duane  Street,  NEW  YORK.  Send  for  Booklet. 


P 


ATENTS 


Valuable  and  Saiable  Patents  Promptly  Secured. 
Advice  as  to  Patentability  and  Commercial  Value 
Free    ^    ^    ^A    Write  for  Inventor's  Hand  Book 


SHEPHERD    6;    PARKER.,     Patent    La^wyers 


"During  the  past  ten  years  Mr.  Shepherd,  of  Shepherd  & 
Parker,  has  obtained  for  us  a  great  many  important  patents. 
We  have  no  hesitation  in  heartily  recommending  him  to  any- 
one having  need  of  the  services  of  a  patent  attorney." 

HALLWOOD  CASH  REGISTER  CO. 


Mr.  Parker  on  November  1,   1903,  resigned  his  position  as  an 
Examiner  in  the  U.S.  Patent  Office  to  enter  this  firm. 

Address,  844  G.  St.,  Washington,  D.  0. 


THE  MORRIS  ENGINEERS* 

WASTE  CAN 

WITH    SELF-CLOSING    COVER 


C  Is  the  only 
can  on  the 
market  that  is 
absolutely  i  n  - 
destructible. 

C  Frame  made 
of  Steel  Pipe 
with  Angle  Iron 
on  top  and  bot- 
tom. 

C  Air  space 
between  bottom 
and  floor. 


C,  Hot  ashes 
will  not  bum 
out  the  bottom 
and  air  space 
prevents  burn- 
ing floors. 

C  Bottom  Elas- 
tic—  preventing 
breaking. 

CThe  Can 
will  outlast  five 
of  any  other. 


This  Can  meets  all  requirements  of  the  Boatd  of  Fire  Underwriters 
MADE    EXTRA    HEAVY 

REGULAR    SIZES: 
No.  9.     17x25  inches.     Each-     -     -     -     $5.50 
No.  7.     15x25     "  "...    -      5.00 

Special  Disc,  to  the  trade.  Special  Cans  Made  to  Order 

THE    E.    P.    MORRIS    COMPANY 
49   Dey   Street        ::        :;        ::       NEW  YORK 


WE    ARE    SELLING 

Toy  Electric  Railways   S3  to    .     .     .     .  S  GO.OO 

Passenger  and  Freight  Trains,  $.")  to    .  50.00 

Electrica.  Books,  10c  to  .               ...  5.00 

Necktie  and  Cap  Lights,  75c  to    .     .     .  5.00 

Battery  Table  Lamps,  $3  to     ...     .  10.00 

Carriage  and  Bic.vcle  Lights,  83  to  .     .  (i.OO 

Lanterns  and  Pocket  Lights,  75c  to    .  3.00 

Battery  Motors  and  Fans,  Si  to    .     .     .  12.00 

Electric  Door  Bells  complete,  75c  to   .  1.50 

Telephones  complete,  S~  50  and       .     .  5.95 

Telegraph  Outfits  complete.  Si. 75  to    .  2.50 

SH.OO  Medical  Batteries        .     .          .     .  3  95 

S12  Electric  Belt  with  Suspensoio'        .  2..50 

Dynamos  and  Motors,  SI  to      ....  1000.00 

<'.as  and  Gasoline  Engines,  §3  to      .     .  1400.00 
We  Undersell  All                         CataljRue  Free 
WANT  AGENTS 

OHIO   ELECTRIC   WORKS,  Cleveland,  Ohio 


IF  YOU  OWN 

or  run  an 

AUTOMOBILE 

you  should  know  how 
they  are  built,  and  the 
best  w::;y  to  liad  out  is 
to  buy  the 


MOTOR  CAR  MODEL 

It  consists  of  Colored  Charts  bound  up  with 
explanatory  letter-press  in  strong  cardboard 
binding,  size  9,'i  by  13K  inches.       : :      : :      : : 

Price.  $1.50  ::  By  Mail,  $1.57 

T.  W.  WHITTAKER, 


2  and  3  Bible  House 
NEW  YORK 


CRANE   QUICK   OPENING   SELF- 
PACKING    RADIATOR   VALVES 

Crane  Oulck  Oppiilni;  SelM'iiekim.-  Kaillator  Valves  are  the  hli-heiit  t.T|ie  of  Kaillnlor  Viilvet  on  the 
ninrhet,  coniliinlni;  B»  tliry  (In  liolli  the  (JuliU  Opeiiln);  iw.d  Self-farlilnB  fealures.  The  SKI.K-rACKINti 
fealuro  preclude,  any  iiosHnilllly  of  (he  »alve  lenklnir  al  (he  Kliinini;  Imix.     They  open  unci  rlo«e  nllli  a  half 

turn  of  (he  lever,   whlih  ran  1> leraled   hv  Ihe  foot  .i,    «ell  a«   the  hand.      The  roiiKlr.irllon   of  these 

»altes  U  -iirh,  that  when  closed,  ihe  discs  hear  on  the  seats  very  lltthlly,  and  the  valve  Is  locked  In  place 
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THE   TI-CIIXICAL   jrO/O'  "    1'  ''-  •  '!\l' 


A   Scientific   Method 
of    Growing    Hair 

Tb2  Evans  Vacuum  Cap  provides  the  scientific 
means  of  applying  to  the  scalp  the  common  sense 
principles  of  physical  culture. 

Baldness  aiid  falling  hair  are  caused  by  the  lack 
of  proper  nourishment  of  tlie  hair  roots.  This  lack 
of  nourishment  is  due  to  the  absence  of  blood  in 
ttie  scalp — an  abnormal  condition.  It  is  the  blood 
which  feeds  the  hair  roots,  as  veil  as  every  other 
part  of  the  body.  If  you  want  the  hair  to  grow 
on  the  scalp  the  blood  must  be  made  to  circulate 
there.  It  is  exercise  which  makes  the  blood  cir- 
culate. Lack  of  exercise  makes  it  stagnant.  The 
\'acuum  method  provides  the  exercise  which  makes 
the  blood  circulate  in  the  scalp.  It  gently  draws 
the  rich  blood  to  the  scalp  and  feeds  the  shrunken 
hair   roots.    This  causes  the  hair  to  grow. 

Test  it  Without  Expense 

Yoo  can  tell  whether  it  is  possible  to  cultivate  a  growth  Of  hair 
on  your  head  by  ten  minutes'  use  of  the  Evans  Vacuum  Cap.  We 
will  send  you  the  Cap  with  which  to  make  the  experiment  without 
Ofiy  expense  to  yoo. 

If  the  Evans  Vacuum  Cap  gives  the  scalp  a  healthy  glow  this 
denotes  that  the  normal  condition  of  the  scalp  can  be  restored.  A 
three  or  four  minutes'  use  of  the  Cap  each  morning  and  evening 
thereafter  will  produce  a  natural  gro-.vth  of  hair.  If,  however,  the 
scalp  remains  white  and  lifeless  after  applying  the  vacuum,  there 
is  no  tise  in  trying  farther — the  hair  will  not  grow. 

The  Bank  Guarantee 

We  will  send  you,  by  prepaid  express,  an  Evans 
Vacuum  Cap  and  will  allow  you  ample  timeto  prove 
its  virtue.  All  we  ask  of  you  is  to  depositthe  price 
of  the  Cap  in  the  Jefferson  Bank  of  St.  Louis,  where 
it  will  remain  during  the  trial  period,  subject  to 
your  own  order.  If  you  do  not  cultivate  a  sufficient 
growth  of  hair  to  convince  you  that  the  method  is 
effective,  simply  notify  the  bank  and  they  will 
return  your  deposit  in  full. 

A   sixteen-page  illustrated   book  will    be 
sent  you  free,  on  request. 

EVANS  VACUUM  CAP  CO.,  1063  Fullerton  Bldg.,  St.  LouU 


The  Field  of  Electricity 

[Jiiislion  I :  Do  you  tliiiik  tli.il  llir  rlcc- 
irical    licld    is   crowded? 

Question  _'.•  If  any,  what  mhcr  i)ri)fcssi()iis 
"iTcr  more  opportunities  liian  tiic  electrical? 

Qucslioii  S-  What  do  you  think  of  a  ciil- 
lege  education  for  an  electrical  student? 

(Jucslioii  f:  What  good  electrical  schools, 
tliat  teach  electricity  exclusively  could  you 
recoinnicnd  ? — li.    O".    .V. 

.liis^d'cr  i:  The  electrical  field  is 
])rc)l)al)ly  no  more  crowded  than  any  other 
field  in  engineering'  lines.  In  fact,  while 
the  number  of  students  going  into  this 
work  each  year  is  large,  new  develop- 
ments are  so  rapid  that  there  is  room  for 
practically  every  good  man  that  goes  into 
it. 

/Inszvcr  2:  We  do  not  know  of  any 
other  professions  that  offer  greater  op- 
])ortunities  than  the  electrical,  although 
this  is  entirely  a  matter  of  opinion. 

Answer  ^:  We  should  most  heartily 
recommend  a  college  education  for  every 
electrical  student  who  can  possibly  obtain 

it. 

Ansiver  4:  \\''e  know  of  none  of  the 
engineering  colleges  which  teach  electric- 
ity exclusively.  The  best  electrical 
courses  can  be  found  in  conjunction  with 
other  courses  at  the  standard  universities 
and  technical  schools. 


Telephone  Generator 

Question  i:  Is  there  any  special  way  to 
place  the  permanent  bar  magnets  of  a  telephone 
generator?  May  either  side  of  the  magnets 
be  placed  on  the  same  side  of  the  armature 
or  is  there  a  positive  or  negative  side? 

Question  2:  How  many  ohms  resistance 
is  the  generator  of  a  telephone  wound  to,  in 
general ? 
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DROWK  &^Sharpe  Mfg.  Go, 

Proviiojekce,  RI.,U.S.A. 

Uachinists 

M  TOOLS 


lOOOTWieties 
(if^  1  dualitv 

No.  107  CATALOGUE  CO 
SHOWS  COMPLETE    LINE 
YOUR  DEALER  CAN  SUPPLY  YOU 


LUNKENHEIMER 

DOUBLE  DISC  GATE 
VALVES 


POSITIVELY  TIGHT 
AND    RELIABLE 


DISCS  ARE  CONSTRUCTED  WITH 
A  BALL  AND  SOCKET  JOINT  BE- 
TWEEN THEM.  MADE  EN- 
TIRELY OF  THE  HIGHEST  GRADE 
OF    BRONZE    COMPOSITION. 

HEAVY,  STRONG  AND 
DURABLE 

IF  YODR  LOCAL  DEALER  CANNOT 
FURNISH    THEM,    NOTIFY    US. 

LUNKENHEIMER 
COMPANY 


Largest    Manufacturers  of    High-Grade   Engineering 
Specialties  in  the  World. 

General    Offices   and  Works: 
CINCINNATI,    OHIO,   U.  S.  A, 

"Branches 


NEW  YORK 
LONDON,  S.  E. 


25  Cortlandt  Street 
35  Great  Dover  Street 


BOOKS 


FOR. 


ARCHITECTS,    STUDENTS 
AND     DRAFTSMEN 


Building  Construction   and  Superintendence, 

Kidder.      Part   I,    Mason  Work;    Part   II, 

Carpentry    -----         $8.00 

Details  Building  Construction,  Martin. 

2nd  Edition  .         -         -         - 

Architectural  Drawing,  Tuthill 
Architectural  Perspective,  Wright 
Specifications,  Bower       .        -        - 
Furniture  Designing  and  Drafting,  Nye 
Pen  Drawing,  Maginnis    -        -        - 


2.00 
2.50 
3.00 
5.00 
2.00 
1.00 


Light,  Heat  and  Power  in  Buildings,  Adams  1.00 

Send  for  descriptive  catalogue  and  sample  of  the 
ARCHITECTS'  AND  BUILDERS'  MAGAZINE. 


WM.   T.   COMSTOCK 

— Publisher  • 


23  Warren   Street 


NEW  YORK 


SU'BSC'RI'BE      Jsf    O    W      TO 

The  Engineer 

The  PoAver  Plant  Paper 
for   The    Power   Plant   Man 

Issued    24    times   a  year   (semi-monthly) 
Subscription  price,       ::     ::       $1.00 

The  issues  of  one  year  contain  more  than  one  thousand 
pages  of  reading  matter  devoted  entirely  to  subjects  of 
greatest  interest  and  importance  to  Engineers.  II  If  you 
install,  operate  or  care  for  machinery,  you  should  read 
The  Engineer,  U  Send  for  free  sample  copy. 

The    Engineer    Publishing    Company 

357   Dearborn    Street,  CHICAGO 


Jessop  Steel  Company 

Washington,   Pennsylvania 

MANUFACTURERS     OF 

Crucible  Sheet  Steel 

of  superior  quality,  for  Circular  Saw  Plates, 
Cross-cut,  and  all  long  Saws.  Billet  Web, 
and  all  short  Saws;  also  Rollers  of  Dead 
Soft  and  Three-Pass  Cold-Rolled  Sheets. 


CorrtJpondence 


Solicited 


2»i2 


THE   TECHNICAL   WORLD  MAGAZINE 


$20450 

STANDARD 


WEEKLY    MADE    SELLING 
THIS  NEW  INVENTION.  THE 

SELR^lWSfNG    FOUNTAIN  PEN 


$178 
$48   , 
$35^' 
$5'." 


|.-».     I..i<-tt,     i>(    Mavv. 
in    Iral  I  MO  houra  ly 

:    •>     M.    1  .-nn    n,  .(   Mi.li. 

I,.  li  n  .-  in-.  r  s  n  \\  r 
'    l.r.    .:,!•«»"••    <"   r""' 

■  ;  Mkrrrrx' t  In  -tit.  1  1  ly 
\ernl>  und  nUlrlct 
ue<  r.    \«  i>nl.  .1. 

STANDARD     Pl.N    CO., 

lOTOHakcr  HM..        FH  IKO,  O.' 


I  IIU    llai-ir 


THIS  WAY. 


Karrcrllr 
Mil 


What  Is  Daus'  Tip-Top? 


TO  PROVE  ^'  ?f"i: 

Tip  Top 

t  and   simplest  device 

•king  100  copies  from  pen 

and    50    copies    from 

ritten  oriKinal,   we  will 

ship  complete  duplicator,  cap 


si:o.  without  deposit  on  ten  (10)  days'  trial. 

Price*?. 50  less  trade  discount  of       dj>t   r\/r\   -n^-f 
i3 '  .^  per  cent  or «fl>0.v/U   LLC  L 

The  Felix  G.  L.  Daus  Duplicator  Co. 
Daus  Building,  1 1 1  John  Street,  New  York  City 


BUTCHER'S 

BOSTON    POLISH 


Is  the  best  finish  made  for  FLOORS, 
Interior  Woodwork  and  Furniture 

Not  brittle;  -will  neltliergcratoh  nor  deface, 
like  shellac  or  varnl!<li.  It  Is  nnt  soft  and 
etkky,  like  beeswax.  Perfectly  trans- 
parent, pre5ervlnff  the  natural  color  and  beauty  of  the  wood. 
Witlii'vit  d..'iljt  ilie  most  econoniic-al  and  satisfactory  Pfu.isH 
known  for  l!ABriw...iu  Ki.oors.  '  For  sale  by  Dealers  In  Faints, 
Uarvlware  and  House  Furnishings. 

Srnd  for  oar  Frrr  Ronlirt,  trillne  of  the  manf 
Adiiniasn  of  BITCHER'S  BOSTO.N   POLISH. 

THE   BUTCHER   POLISH    COMPANY 

356  Atlantic  Avenue,       ::        ::        ::      BOSTON,  MASS. 

OUR  No.  3  REVIVER  I- »»'I-?r!orEnl,h  for  Ulrhen  and  i.l.a/ia  floor. 


EVERETT  E.  KENT 

COUNSELOR  AT  LAW 

Patents,  Foreign  and  Domestic.     Copyrights. 

Trade  Marks;    State,  Federal,  and  Foreign. 

Corporations. 

84  State  Street.  BOSTON 


CONSULTING  DEPARTMENT     (Continued) 

Qiirstioit  Jt:  Would  yi)ii  pk-asc  ttll  iiu'  liow 
tn  coiislriict  a  K*'"'d  proii-ction  for  a  ti'K'iilioiu' 
tii>iii  liKlitniiiR.  one  wliicli  will  imt  allow 
ligliliiin^'  to  Ciller  the  house? 

(Jucstioti  ./;  Couhl  you  please  tell  ine  a 
^ootl  method  for  loeatinj?  small  tiouhles  which 
freiiiieiitly  occur  in  telephones?         O.  J.  //'. 

.hts7ccr  1 :  .Ml  of  the  niai^ncts  .should 
he  jilacod  with  like  jiole.s  side  and  side 
l"i>r  if  (hev  were  not  the  electromotive 
hiicr  iiidnreil  in  the  annature  hy  cutting' 
the  lield  of  one  would  ojipose  that  in- 
duced hv  cuttinji;-  the  field  of  the  other. 

.  Inspect-  2:  The  resistance  of  a  ij^ener- 
ilor  will  vary  with  its  size.  The  follow- 
ing- data  represent  j2:ood  practice. 

3  l)ar     300  ohms     No.  35  wire. 

4  har     260  ohms     No.  33  wire. 

5  bar     250  ohms     Xo.  32  wire. 

.  hiswcr  ?.•  It  would  probably  l)c  bet- 
ter for  you  to  i)urchase  some  good  form 
of  protector  as  it  would  be  safer  and 
cheaper  in  the  end. 

A)isiver  4:  Your  question  is  altogctlier 
too  broad  to  be  treated  in  limited  space 
and  it  wdll  be  necessary  for  you  to  state 
the  particular  conditions  you  have  in 
mind,  in  order  tliat  we  may  give  you  a 
specific  answer. 


Mosaic  Glass 

Question.  How  is  Mosaic  Glass  made? — 
H.  D.  W. 

Ansiver.  ]\Iosaic  glass  is  produced  by 
arranging  vertically  side  by  side  threads 
or  small  canes  of  variously-colored 
opaque  or  transparent  glass,  of  uniform 
lengths,  so  that  the  ends  shall  form  a 
ground  representing  flowers,  arabesques, 
or  any  mosaic  design.  This  mass  is  now 
submitted  to  a^heat  sufficient  to  fuse  the 
whole,  all  the  sides  at  the  same  time  be- 
ing pressed  together  so  as  to  exclude  the 
air  from  the  interstices  of  the  threads. 
The  result  is  a  homogeneous  solid  cane 
or  cylinder,  which  being  cut  at  right  an- 
gles or  laterally,  yields  a  number  of  lay- 
ers or  copies  of  the  same  uniform  de- 
sign. This  process  was  practised  with 
great  skill  by  the  ancients,  who  are  sup- 
posed to  have  produced  pictures  in  this 
way ;    but    in    existing    specimens,    the 
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KEUFFEL  ®  ESSER  CO. 

OF  NEW  YORK 
111  East  Madison   Street,  Chicago 

DRAWING    MATERIALS 
SURVEYING  INSTRUMENTS 

Catalogue  on  Application 


Voltmeters 

Ammeters 

Volt -Ammeters 

Our  three-in-one  instru- 
ment will  measure  the 
voltage  of  a  single  cell 
of  battery,  or  that  of  an 
electric  light  current, 
besides  measuring  am- 
peres. Accurate,  Inex' 
tensive. 

L.  M.  PIGNOLET 

84  Cortlandt  St. 
Ne^v  York 


PRACTICAL 

50  CENT  BOOKS 


THE  WORKSHOP  COMPANION— A  collection  of  reli- 
able recipes  for  mechanics. 

EASY  LESSONS  IN  ARCHITECTURE— A  simple  text 
book  for  the  beginner. 

HOW  TO  MIX  PAINTS— A  practical  treatise  for  the 
painter. 

MECHANICAL  DRAWING— A  student's  guide  to  practi- 
cal drafting. 

ELEMENTARY  PRINCIPLES  OF  MACHINE  DESIGN— 
A  simple  introduction  to  the  designing  of  machinery. 


fl  The  above  are  a  few  of  our  fifty  cent  books  of  which 
■we  would  like  to  send  you  a  complete  descriptive  list 
if  you  will  send  your  name  on  a  postal,  fl  We  have  just 
issued  a  catalogue  of  books  relating  to  the  building 
trades,  describing  books  on  Carpentrj',  Architecture, 
Drawing,  House  Plans,  Building,  Estimating,  Plumb- 
ing, Heating,  Painting,  Etc.  We  would  like  to  send 
you  a  copy  if  you  are  interested. 


INDUSTRIAL  PUBLICATION  CO. 

16  Thomas  St.  ::  NEW  YORK 


HAVE  YOU    SEEN 


Our  new  Bulletin  70  illustrat- 
ing our  interchangeable  parts 
for  making  A.  C.  or  D.  C.  Gen- 
erators, Motor-Dynamo  Dyna- 
motor.  Alternating  Current 
Rectifier,  etc.?  If  not  we  will 
mail  it  on  application.  It  will 
interest  you  if  ycu  want  to  build 
vour  own  electric  machine. 


PARSELL     AND     WEED 


129-131  West  31st  St. 


NEW  YORK.  N.Y. 


Duplex  No.  8 


Threading  and  Cutting  Off 
Machine 

designed  to  thread  and  cut  off  merchant 
pipe  from  "Vi"  to  8"  inclusive.  Nino  sets 
of  dies  included.  Eiiuipped  with  special 
flanife  tfrippers  for  making  up  flanges 
and  flanged  fittings.  Automatic  oil 
pump  makes  it  independent  of  others 
in  operation.  Die  head  has  Peerless 
adjusting  mechanism — exceedingly  simplo 
and  absolutely  accurate. 

Write  for  information  about 
"the  machine  that  lasts" 

Bignall  ^  Keeler  Mfg.  Co. 

Builders  of  Ini|ir«ved  I'ipe  Ciittin;,'  anil  Threadin;,'  Machinery 
Edwardsville,  111.,  U.S.A. 
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JUL    ILLllML.lL    ll'URLD   MAGAZINE 


A  NEW  BOOK 

"ELECTRICAL  INSTRUMENTS 
AND  TESTING" 


Some    of    the    Reasons    Why    You    Should 
Have    This    Book. 

BECAUSE  it  is  written  for  the  Practical  Man. 

BECAUSE  it  gives  the  very  latest  information. 

BECAUSE  it  treats  of  modern  instruments  universally 
adopted. 

BECAUSE  it  contains  a  complete  chapter  on  testing 
with  the  voltmeter  not  explained  in  any  other  book. 

BECAUSE  the  formulas  given  are  fully  explained  and 
worked  out  in  simple  arithmetic. 

BECAUSE  the  tests  given  are  such  as  occur  every  day 
in  the  engine  room,  power  house,  telephone  exchange, 
cable  laying  and  constructor's  work  in  the  field. 

BECAUSE  it  is  written  by  a  man  who  has  had  extensive 
practical  experience  in  allbranchesof  electrical  testing. 


210  pages,  over  100  illustrations  and  tables.    ^^    ^-^^ 
Cloth.    Postpaid        ...       PRICE   ^pl.UU 

Handsome  Full  Limp  Leather,  $2.00 

Send  for  New  200  page  Catalog,  FREE 

SPON  &  CHAMBERLAIN 


125  T.  W.  Liberty  Street 


NEW  YORK 


CONSULTING  DEPARTMENT    (Continued) 

lli^.•^■^.•.'^  luivc  hiTii  .»^o  accuratt.'l\'  unik-d.  by 
intcn.sc  lioat  or  ollicrwiso.  that  tlic  junct- 
uros  cannot  oven  he  discovered  I)\  a 
powerful  nias^nifving  glass. 


Question. 
•frigeratioii. 


Refrigeration 

Describe    process 


of    ;il)S()ii)ti<m 


A'.  .V.  /'. 

Answer.  In  the  al)sor])lion  system,  it 
is  necessary  to  maintain  jjressure  u])on 
I  he  ammonia  ^as  when  freed  from  water 
in  order  that  it  may  hecome  li(|uefied.  and 
during-  its  period  of  liquefaction  give  up 
the  latent  heat. 

The  Carre  original  machine  consisted 
of  two  strong  iron  jars  connected  to- 
gether with  an  iron  pipe.  In  jar  I,  or 
ammonia  still,  w^as  placed  a  quantity  of 
highly  charged  aqua  ammonia.  A  .spirit 
lamp  w'as  placed  under  jar  I.  When 
tlie  jar  became  heated,  an  air  cock  was 
opened  until  the  air  was  exhausted. 
Jar  2  w^as  placed  in  a  tank  and  sur- 
rounded by  cold  water.  The  supply  of 
this  water  was  constantly  changing  so 
that  at  all  times  the  water  remained  cold 
or  at  its  original  temperature,  which  we 
may  assume  at  6o  degrees  Fahr.  The 
heat  from  the  lamp  caused  the  ammonia 
to  vaporize  and  a  pressure  was  obtained 
sufficient  to  liquefy  the  gas  in  jar  2. 
This  pressure  was  aljout  120  pounds  per 
square  inch.  The  intense  pressure  made 
by  the  ammonia  gas  was  sufficient  to 
raise  the  boiling  pressure  of  the  water 
to  230  degrees  Fahr.,  thereby  preventing 
the  vaporization  of  the  water.  This  tem- 
perature was  am]:)le  to  drive  out  a  large 
amount  of  gas. 

After  the  process  was  complete,  which 
was  determined  by  the  length  of  time 
that  the  heat  was  exposed  to  jar  I,  the 
lamp  was  removed.  The  water  was 
drawn  ofif  from  around  jar  2  and 
the  tank  filled  with  whatever  substance 
it  was  desired  to  freeze.  A  water  pipe 
allowed  water  to  flow  over  jar  I  and 
cool  its  contents,  the  result  being  that  the 
pressure  was  removed  from  both  jars, 
and  the  liquid  anhydrous  gas  began  to 
vaporize  in  jar  2,  the  gas  again  re- 
turned   to    jar    I,    and    was    taken    up 
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FOR  YOUR  OWN  PERSONAL  USE 


1/1000  of  an  inch 


A  little  difference  in  the  loca- 
tion of  a  point  on  your  draw- 
ing may  make  a  big  difference 
in  the  completion  of  the  work. 

Devoe  drawing  instruments  are 
accurately  made;  they  can  be 
relied  on  to  put  the  point  in 
the  right  place. 

Send  for  catalogue  and  prices; 
a  great  variety 

Devoe   &   Raynolds   Company 

176  Randolph  Street,  Chicago 

Fulton  and  William  Sts. ,  New  York 
1214.  Grand  Avenue,     Kansas  City 


The  Rapid' 
Sketching 
Device 

You  need  this  instrument 
ri^ht  on  your  tnun  desk. 
Every  man  does  who  has 
an  idea  to  express.  In  one  half 
the  time  spent  in  goinc  to  the 
drafting  room  and  explaininc 
what  you  want  to  the  draftsman 
you  can,  with  the  aid  of  the 
Rapid  Sketching  Device,  jot 
down  your  idea  yourself  with 
oerfect  clearness  and  accuracy. 

The  Rapid  SKetching  Device 

is  a  money  suTcr,  because  it  is 
atime  saver.  ^  It  enables  you 
to  draw  and  scale  your  lines  at 
the  same  time  and  at  any  de- 
sired angle,  fl  It  consists  of  a 
graduated    square,   which,    by 
means  of  a  protractor,  can  be 
set  at  any  angle,   thus  giving 
parallel  lines  anywhere  about 
the  board.  •[  This  parallel  mo- 
tion is  accomplished  by  means 
of  an  arm  consisting  of  two  pivoted  parallelograms 
which  join  the  protractor  to  the  left  hand  corner  of  the 
board,  fl  Spring  stops  are  provided  for  the  zero,  30°, 
45°,  60°  and  90°  angles,  so  that  these  may  be  obtained 
without  stopping  to  read  the  protractor.^  The  blades 
of  the  square  are  scales  and  are  interchangeable  ;  furn- 
ished in  any  length  and  any  graduation.     Also  straight 
edge  for  inking,  fl  The  Rapid  Sketching  Device  can 
be  used  for  drawings  up  to  18"s2-l",  and  is  ordinarily 
used  on  a  20  "x37 "  board. 

SENT  ON  TEN  DAYS  APPROVAL 

Oi\  Receipt  of  $4.75 

If  satisfactory  send  us  $2.00  a  month  for  seven  months. 
Otherwise  return  device  to  us  and  we  will  refund  your 
money.  The  cash  price  is  S17.75.  fl  The  outfit  con- 
sists of  one  20"x27"  board,  one  Rapid  Sketching  Device 
and  one  set  of  scales. 

Complete  Information  on  Application 

Universal  Drafting  Machine  Co. 

220-226   SENECA  STREET 
Cleveland,  Ohio,  U.  S.  A. 


CHEAP     INDUCTION     COILS. 

IN  STOCK  AND  BUILT  TO  ORDER.      LOWEST  PRICES  ON 
EARTH.     SEND  FOR  BULLETINS.     ASK  US  QUESTIONS. 

N.  E.  COIL  WINDING  CO.     Atlantic,  Mass 


SPECIAL  MANUFACTURING 

SPECIAL  DEVICES  AND  MACHINERY 
EXPERIMENTAL  WORK.  MODELS. 
IDEAS     DEVELOPED     OR    IMPROVED 

WRITE    FOR    F«eE    ■OOKLCT 

THE  GLOBE  MACHINE  &  STAMPING  COMPANY 

983   HAMILTON    ST.    CLEVELAND,  O. 


Violin  Offer 

For  eiirly  J.iill  wo  iiro  offering  spci-inl  in<luco. 
Hients   to   Viol'n    plujcrs  of   diwrimiiiation 

who  dcHiro  iniiilily  iiiul   qimntity  of   Tons. 

Our  mnv  illuNtrutctl  VM)  culiiloKiie  of 

ROOT  VIOLINS 

contains  full  jiarticulars  nnd  prices  tlmt  arB 
a  ri'velution.  Jtoot  Violins  sent  on  trial. 
Senil  for  catalogue— it  is  Free. 

Crown  Mandolins  and  Guitars 

I— s.imu  Iii^h  Krude   as   our  Violins. 
Freo  Violin  iiistruction  for  bcaiuucrs. 

E.  T.  Root  &  Sons,  369  Wabash  Av.,  Chicago 
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CURED 


SEND  FOR 
THIS 
BOOK 
IT'S    FREE 
FOR    THE 
ASKING 


It  tolls  of  an  experience  of  over  30  years  in  the 
t.    :itmcnt  of  Deformities  and  I'anilysis. 

It  tells  what  has  been  tione  and  what  can  be 
li  'Tn-  in  a  Sanitarium  properly  e<iuipped  and  devot- 
.-■iexrlu.-iivi'ly  to  the  treatment  of  Club  Feet.  Spinal 
Uisoases  and  Deformities.  Hip  Dise.ise,  Crippled 
and  l>eformed  Joints  and  Limbs,  Infantile 
Paralysis,  etc. 

It  tells  how  the  above  conditions  can  be  cor- 
rectt-d  without  surjrical  operations,  plaster  paris 
applications  or  painful  treatment  of  any  kind. 
Ask  for  it. 

The    L.  C.   McLain 
Orthopedic     Sanitarium 

3100  Pine  Street.  St.  Louis.  U.  S.  A. 


Made-to- Order 

Suits  $10.00 

Trousers  $2.75 

Direct  from  Wholesale  Tailors 
In  latest  city  styles  saving  you  */i  to 

Wnte  tr-di5  fnr  our  Free  Samples 
md  compare  our  goods  and  our  prices 
■\ith  those  o£  your  local  tailor.  Our 
styles  are  the  latest,  our  materials  are 
the  iinest,  our  tailorineis  the  best,  and 
Mur  prices  are  wholesale  prices  from  us 
to  you. 

You  tahe  no  risK 

We  guarantee  to  nt  and  please  you 
thoroughly.  We  give  you  five  days  to 
examine  and  try  on  the  garments  in 
your  own  home,  and  agree  to 

Refund  Every  Cent  Ton  Pay 

if  the  garments  are  not  satisfactor>'  in  ev 
way,  superior  in  style  and  quality  to  your  . 
cal  tailor's  work,  and  one-third  to  one-h 
lower  in  price,  on  our  110,  i\2M,  $1.5,  *18  an 
»2"  suits. 

Overcoats  to  Order 
Only  $11.00 

We  will  mail  you  free  of  charge  our  li 

of  Suitings,  Overcoat  and  Trouser  SampI 
up-to-date    Style    Book,    order    blanks, 
structions  and  wholesale  prices.     State 
kind  of  goods  you  like  best  and  about 
price  you  want  to  pay.    Write  at  once  an  _ 
see  for  yourself  how  much  money  we  can 
save  you. 

By  permission,  we  refer  you  to  the  l^rilwaukee  Ave. 

State  Bank,  Chicago.     Capital   Slock  $2oO,0(iu.OO. 

Owen  T.  Moses  4  Co.,  Wholesale  Tailors,  241  Moses  Bldg.,  Chicago 


CONSULTING  DEPARTMENT-  (Continued) 

in  the  \v;it(.'r  from  which  il  had  l)OCii 
expelled.  r>\  the  passaj^c  of  the  aii- 
hxtlroiis  ammonia  from  a  li(|uid  to  a  i;a.^, 
the  heat  which  wa.s  taken  up  and  caused 
the  vaporization,  heiiiij  held  latent  hy  the 
i^a.-^.  was  taken  from  the  surrounding^ 
li(|uid  in  the  tank. 

'idiis  produced  a  low  teni])erature.  the 
lioilini:;'  j^oint  of  litiuid  anhydrous  am- 
iiKMiia  hein.c^  at  atmospheric  pressure  47 
decrees  helow  zero  h'ahr.  The  ratio  of 
the  temiierature  and  ])ressure  determines 
the  temperature  at  which  the  gas  hoils 
in  passing  from  a  linuitl  to  a  gaseous 
condition. 


Cooling  Tov/ers 

Question.  When  is  it  advantageous  to  use 
a  cooling  tower? — /•".   //'.  M. 

^■hiswcr.  It  sometimes  happens  that  it 
is  impossible  to  ])Iace  a  steam  plant  in 
close  proximity  to  a  natural  water  sup- 
ply. In  such  cases  the  w^ater  necessary 
for  the  condenser  (the  circulating  water) 
is  expensive,  and  if  the  cost  is  very  great 
it  does  not  pay  to  add  the  condenser,  be- 
cause the  cost  of  the  circulating  water 
might  more  than  ofifset  the  gain  from 
condensing.  If,  however,  some  means 
could  be  provided  whereby  the  circulat- 
ing water  as  it  issues  from  the  condenser 
could  be  cooled  and  then  used  over  again 
in  the  condenser,  the  noncondcnsing  en- 
gine could  then  be  run  condensing ;  thus 
taking  advantage  of  all  the  benefits  due 
to  the  use  of  reduced  back  pressure  and 
heating  of  the  feed  water.  This  has  been 
attempted  by  conducting  the  heated  dis- 
charge w'ater  to  a  pond,  where  it  is  al- 
lowed to  cool  to  a  lower  temperature  be- 
fore being  used  again.  Another  plan  is 
to  place  in  the  yard  or  on  the  roof  of  the 
building  large  shallow  pans,  in  which 
the  Waaler  is  cooled  by  being  exposed  to 
the  atmosphere.  These  methods  are  un- 
satisfactory on  account  of  the  consider- 
able area  necessary  and  the  slow  action. 
In  addition,  they  are  uncertain,  because 
they  are  dependent  upon  atmospheric 
conditions. 

A  more  efficient  and  at  the  same  time 
more  expensive  process  is  to  use  a  cooling 
tower  or  a  water  table.  The  discharge 
from  the  condenser  is  led  to  the  top  of 
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A  Beautiful  Art  Study  Free 


Owing  to  the  great 
enthusiasm  of  art  con- 
noisseurs over  the 
August  cover  of  Ains- 
lee's  Magazine, 
which  has  been  con- 
ceded to  be  one  of  the 
most  attractive  draw- 
ings of  the  season,  we 
have  made  up  a  limit- 
ed number  of  copies 
of  this  art  study  on  fine 
plate  paper,  in  colors, 
with  no  printing  what- 
ever on  the  picture, 
and  mounted  same  on 
heavy  paneled  mat 
board,  ready  for  ixdiva- 
'\Vi%Q)X  passe-par  touting, 
and  will  send  the  pic- 
ture to  any  address  on 


receipt  of  only  Fifty 
Cents  for  a  three 
months'  subscription 
to  Ainslee's  Maga- 
zine. The  regular 
price  of  the  three 
copiesof  themagazine 
is  45  cents — the  extra 
nickel  merely  pays  the 
costof  mailingthe  pic- 
ture. All  who  appre- 
ciate a  work  of  art 
shouldsend  atoncefor 
this  study  by  Florence 
England  Nosworthy, 
as  it  is  a  picture  that 
pleases  every  eye  and 
is  an  adornment  to 
any  room.  The  size  of 
picture,  including  mat, 
is  9^  X  12/^  inches. 


AINSLEE  MAGAZINE   CO.,  85  Seventh  Ave.,  New  York  City 


Hotel  Bellcclaire 

Broaawag  and  77tii  street. 
New  York. 

Seventh  Avenue, 
Amsterdam  Ave. 
andWest  130th  St. 
Cars  pass  the 
door. 

Luxurious  rooms 
for  permanent 
and  transient 
guests. 

Restaurant 

a  Feature. 
Exquisite 

Palm  Room. 
Art  Nouveau 

Cafe. 
Royal 
Hungarian 
Orchestra. 

"Most  Artistically  Beautiful  Hotel  in  the 
World."  Can  offer  few  single  rooms,  with 
bath,  beautifully  furnished,  suitable  for  two 
people,  |6o  per  month. 

TRANSIENT  RATES: 

One  Room,  with  bath $2.5operday 

Parlor,  Bedroom,  with  bath,  I3  and  $5  per  day 
Parlor,  2  Bedrooms,  with  bath,  15  and  f7  per  day 

Every  improvement  known  to  modern  in- 
genuity. 

Write  for  our  magazine,  "The  Hotel  Belle- 
claire  World." 

MILTON  ROBLEE,  Proprietor. 


THIS  BOOK 

contains  more  matter  on 
this  subject  than  any- 
thing ever  printed.  Dia- 
grams and  tables  very 
complete.  Over  80  pages 
and  K),)  tables  and  illus- 
trations of  articles  used 
in  pipe  work. 

Fine  for  DRAFTSMEN 
and      ARCHITECTS. 

Sent  post  paid. 

Bound  in  Flexible  Cloth,  50c. 
Bound  in  Leatherette,   -   75c. 

If  you  are  interested  in  drafting  send  2.")  cts.  for 
4  months'  trial  to    THE    DRAFTSMAN 

which  has  data   sheets  with  it  each  month. 


Data  Sheet  Binders    - 


25c. 


The  DRAFTSMAN   for  one  year  j|   «^ 
and  the  cloth  bound  book  above  sent  for  ''^IcAU 

A  booklet  on  LETTERING  sent  post  paid  for 
25  cents.      Circulars  of  books  FREE. 


,_/i  d  d  r  e  J  J 


THE  BROWNING  PRESS 

PUBLISHERS 
Lock  Drawer  O         ::         CLEVELAND,  OHIO 
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THOUSMIIS  HKKL 


»5.000 

►/-A  YEAR- IN  THE - 


•  bnnlnpxs  prrMttiiH'K  theprolUs  timt  arc  iiinilo  O' 


l»».t  hii>lar»  nil  I'lirth  mill  Its 
ili.>ri>ii^lil\  iinil  i<>.-liiili-iill.v  In 
iiIcrfiTliiir  with  ji'Ur  iTfsoiit 


"i  .  >    111  till"  KimI   K-lali-  1lll^lil<•>'s 

w  iin  yon  rnn  In  iiiiy  other  hiisl- 

11-  (I'n.'ilon  and  tlio  i>ii!>lne<>i<  of  a 

1  ilip  nrwr!i|>ni>oi>i  iiiiil  nin«raxlne!<  the 
fr  ■   tho  rt>al  osl.nte  busliu'M*  —  riillroiiilH 

K'  '  ■•   f'v  iriimont  openlntr  now  honio- 

f  MS  hchiK  sold;  factories 

C  ;.\  l^lons,  etc. 

•  ^  In  business  nt  once  we 

III-  .lournal."  coiitainint;   de- 

.-lati.  liiisinr>soi.pi.rtiinltles, 

■f  till-  I  iiltc.l  Statfs  anil  I'an- 

I  —  .  lu'lp  tlu'in  scriire  onstomcrti, 

I  .-.-i>t  them  to  a  i|iilck  success.    We 

»,  --  of  one  of  the  largest  co-operative 

br  •!  America. 

!  '  \ciiir  life  ivorklnp  for  others 

»'  1  I'liili'iit  formno  for  vonrsdf. 

V.  1  In  liiisini'ss  or  to  protltnhle 

.rse  our  Institution.     Urllp  f..r 

•r..-  I.....LIt-i.     i;  .•.,,,  iiitvri'.^l  you. 

H.  W.  Cross  'H.  Co.,  117  Tacoma  Bld^.,  Chicago 


A  Train  Load 
^of  Books— H. 

Big  Book 
House  Failed 

We  bought  the  entire  stock  of  new  and  up- 
to-date  books.  We  are  closing  them  out  at 
from  10  cents  to  50  cents  on  the  dollar.  These 
are  sample  prices. 

Late  copyrights  were  $1.50.  Our  price,  38c. 
The  38c  list  includes  The  Christian,  Call  of  the 
Wild,  Brewster's  Millions,  Graustark,  The 
Castaway,  David  Harum,  etc. 

Encyclopedia  Britannica  regularly  836.00. 
Our  price,  $7.75.  Charles  Dicken's  Complete 
Works,  15  volumes,  regularly  $15.00.  Our 
price,  $2.95.  Balzac's  Complete  Works,  32 
volumes,  Saintsbury  Edition,  regularly  $64.00, 
our  price  $18.50. 

Every  book  guaranteed  to  be  new,  perfect 
and  satisfactory,  or  your  money  back  \\-ithout 
question  or  quibbling. 

Practically  any  book  or  set  of  books  you 
want  at  a  fraction  of  the  retail  price  WHILE 
THEV  T..\ST.  Get  our  free  Bargain  List  be- 
fore ordering.     Write  for  it  today. 

The  David  B.  Clarkson  Co.,  Dept.  56,  Chicago 


CONSULTING  DEPARTMENT-  (Concluded) 

till-  ctH)liiii;'  towtr.  wlu  IX'  it  is  cooled  he- 
t'liif  l)cinj4"  rclunicd  to  the  condenser. 
I  liis  coolinij  is  effected  by  distributing 
(be  water,  by  a  system  of  piping  to  the 
iipjier  edge  of  a  series  of  mats  or  slats, 
(i\»'r  the  surface  of  which  the  water  flows 
ill  a  thin  film  to  a  reservoir  which  is  sit- 
u;ited  in  the  bottom  of  the  cooling  tower. 
I  be  mats  partially  interrupt  the  flow, 
;iiid  liy  breaking  up  the  water  in  small 
streams  cause  new  i)ortions  to  be  exposed 
to  the  cooling  effect  of  the  air  currents. 
The  water  from  the  reservoir  then  flows 
downward  through  the  suction  pipe,  and 
is  pumped  by  the  circulating  pump 
through  the  condenser.  After  passing 
tlu-ough  the  condenser  and  absorbing 
beat  from  the  exhaust  steam,  it  rises 
through  the  discharge  pipe  and  com- 
mences the  circuit  over  again. 

The  tower  may  have  several  arrange- 
ments and  be  made  of  various  materials, 
A  satisfactory  form  is  constructed  of 
steel  plates ;  within  the  tower  are  a  large 
numl)cr  of  mats  of  steel  wire  cloth  gal- 
vanized after  weaving. 

To  assist  in  the  cooling  of  the  water, 
the  air  is  often  made  to  circulate  rapidly 
by  means  of  a  fan,  which  forces  the  air 
into  the  lower  part  of  the  tow^er  and  up- 
wards among  the  mats.  This  fan  is 
usually  of  the  ordinary  type,  and  may  be 
driven  by  an  electric  motor,  a  line  of 
shafting,  or  by  a  small  independent  en- 
gine. 

In  case  the  fan  is  not  used,  the  mats 
are  arranged  so  that  they  are  exposed 
to  the  atmosphere.  This,  of  course,  ne- 
cessitates the  removal  of  the  steel  casing. 
Usually  the  fanless  tower  must  be  placed 
at  the  top  of  a  high  building,  or  in  some 
position  where  the  currents  of  air  can 
readily  circulate  among  the  mats. 

With  an  efficient  type  of  cooling  tower 
the  water  may  be  reduced  from  30°  to 
50°  Fahr.,  thus  allowing  a  vacuum  of 
from  22  inches  to  26  inches.  This  will,  of 
course,  greatly  increase  the  economy  of 
the  plant,  and  allow  the  heated  feed  w'ater 
to  be  returned  to  the  boilder. 

The  water  table  is  usually  made  of 
wooden  slats  placed  in  the  ground  near 
the  plant.  After  trickling  over  the  slats 
and  becoming  cooled  by  the  air,  it  col- 
lects m  the  bottom  of  the  reservoir  and  is 
then  pumped  into  the  condenser. 
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\jtim  Bookkeeping  Free 

Would  you  like  to  succeed  in,  l)usir.ess,  to  obtaia  a  good  p.iying 

position;  to  secure  an  iucreuseiu  salary?    Would  you  possess  the 

capacity  that  directs  and  controls  large  business  enterprises?     If 

^■>,  MJU  sliould  follow  the  example  of  Mr.  ElIw.  Chapman,  of  No, 

o  S  ».  5th  St.,  Goshen,  Ind.,  who  largely  increased  his  salary 

(.rtakinij  our  course.    A  knowledge  of  accounts  increases  y-mr 

portunitics  a  hun<]red  fold.     Our  method  excels  all  othe^rs.     Vou 

<  in  leirn  quickly  at  home,  witliout  loss  of  time  or  luoaey.    We 

guarantee  it. 

A  GREAT  BOOK  FREE 

"How  to  neoome  an  Expert  Rookkeepor "  is  the 

title  ct  an  exteu.^ive  treatise  011  Boukkeeiiitis;  ami  Business.  It 
tells  01  the  best  system  of  accounts  ever  clevisctl,  aiui  explains  how 
you  cin  make  mere  money  and  belter  your  position  in  life.  It  is 
just  the  boulc  for  beginners  and  exjjerts  alike,  Toadvertise  our 
s\stem  we  will  give  away  5,ooocopics  absolutely  free,  wi'.houtany 
con  lition  whatever.  Simply  send  your  name  and  address  and 
receive  the  book  without  cost.        Address 

Commercial  Correspondence  Scliools, 
16  A,     Couimcrcial  Bltls.,  Rochester,  IV.  Y. 


rlVeTeach 
Y^vk  FREE; 
We  Secure 
A  PosiHon 
^rVbu 


TRACK,  TRAINS,  TIME 

will  be  found  satisfac- 
tory, if,  between  St. 
Paiil,Mlnneapolis,Du- 
Intli,  Butte,  Helena, 
.Alissdiila,  Spokane, 
Sfattli',  Tacoma  and 
I'ortland,  you  use  the 

Northern 

Pacific   Ry. 

For  rates  and  infor- 
mation write  A.  M. 
Lleland,  Gen  1  Pass. 
Agt.,  Fourth  and 
Broadway,  St.  Paul, 
Minn.  Stud  six  oi-nts 
lor  Moii.leriuiid  liMt.",, 
fMiir  i-ents  lor  Lewis 
and  L'lark  booklet, 
four  cents  for  Jlinae- 
sota  Lakes  booklet. 


rs^ 


E  LOCKE  ADDER 


rOnli 


ij^j^^^ 


The 

/Vlodern 

Business  Necessity         ^'^s' CAPACITY  999.999.999 

The  fa  111011S  Calculating  Machine,  lliitbusiastiially  endorsed 
the  wc.rld  over.  Rapid,  accurate,  simple,  durable.  Two 
models,  oxidized  copper  finish,  «&.0U;  oxidized  silver  linish. 
with  case,  $10.00,  prepaid  in  U.  S.  Write  tor  Krcc  Ituuklot  and 
Special  OITtT.    Agents  wanted. 

('.  E.  I.OrKE  MK(J.  CO.  32  ■Walnut  St.,  Kensett,  luwa 


GINSENG 


125,000  made  from  half  aero.  Easily 
grown  in  garden  or  farm;  Koots  anil 
seeds  fur  pale.       Send  4o   for   postasro 

and  get  booklet  CXt<^lliug  all  about  it.    MoDOWKI.L,  (SINSF.Nti 

GAKDKN,  .Joi'i.iN,  Mo. 


Pipe  Smokers 

It  you  want  to  know  real  luxury  in  a 
smoke,  send  for  a  can   of 

Spilman  Mixture 

a  pipe  tobacco  in  a  class  by  itself;  differ- 
ent from  all  others;  a  perfect  blend  of 

the  best  tobaccos  grown;  the  natural  leaf  without 
artificial  flavoring,  mi.xed  with  loving  care  by  one 
who   knows  how.      A  sweet,  cool,  delicious  smoke 

Without   a    bite    or   a  regret 

If  your  dealer  hasn't  it,  send  your  address  on  your 
letterhead  or  business  card;  we'll  send  a  7 5 -cent 
can.  Smoke  a  pipeful  or  two,  try  it  thoroughly ; 
then  send  us  the  money,  or  the  tobacco,  which- 
ever you'd   rather  part   with. 

Three  sizes:  li'j  oz.  can,  7.5  cents;  ]/2  lb.,  f'l.»).T;  I  lb.,  ?3.:W 

E.  Hoffman  Company 

Manufacturers 
184  Madison  Street  Chicago 


Tii^Jdeal5IGHT  Restorer 

Is  Your  Sight  Failing  ? 

'NoNuoJI  All  refractive  errors,  muscular  trouble    and    chronic 
'cuTseJ    diseases  of  the  Eye  successfully  treated  by  scientific 
MASSAGE. 

"I  am  in  my  scvcnty-nlnlh  year,  and  have  the  Sight  Restorer  and 
yourselves  to  thank  lor  renewed  eye-siflht."    <  I  esiimonial  1 . .) 

"I  wish  I  could  impress  every  one  afflicted  so  they  would  give 
the  Restorer  a  trial."    crustimonial  '.'•14) 

English  or  German  pamphlet  mailed  free.    Address 
THE  IDEAL  COMPANY,  239  Broadway,  New  York. 


Mention  Technical  World  Magazine 


:iTO 


THE    TIICIISICAL   WORLD  MAGAZINE 


FREE  TRIAL 


At  Your 
Home 


MAS.   . 

voic^ 


Free  Trial  Offer 


¥    WCnPT^XT    To  our  Machine  « 

LISTEN  rr?;.vtr'tr! 


To  any  roiiaoii- party,  property  owner,  holder 
of  a  city  {x)sition,  responsible  business  man. 
or  farmer,  we  will  ship  on  approval  for  cash 
or  partial  payments,  our 

Victor  Royal  Talhing 

MarKir»/i    and  the  reader's  choice  of 
i  iGlLiilllC    One  Dozen  Victor  Records 

If  satisfactory  after  48  hours'  trial  at  your 
home,  remit  fo,  balance  of  $15  payable  in 
six  installments  of 

$2.50  a  Month 

Express  charges  may  be  deducted  if  cash  in 
full  is  remitted  after  trial. 
If  not  satisfied  with  the  Victor  after  trial, 
return  instrument  by  express  at  our  expense 
and  we  charge  nothing  for  the  trial. 

No  bother  with  C.  O.  D.;  no  leases  or 
chattel  mortgages.  We  will  trust  any 
responsible  person  to  pay  as  agreed. 

Twenty  dollar?  is  the  lowest  net  cash  price  at  which 
a  Victor  Talking  Machine  and  One  Dozen 
Victor  Records  can  be  bought  to-day  anjwhere, 
and  you  know  tiiat  the  Victor  is  the  best  there  is. 
This  instrument  has  the  best  reproducer  made  and 
will  play  any  sized  disk  record. 

Other  Victor  Instruments,  ranging  in  price  from 
$25  to  $100,  will  also  be  sold  for  2.5  per  cent, 
down,  balance  in  six  equal  monthly  installments. 

Free  Catalog  and  List  of  2,000  Records 
on  request. 

THE  TALKING  MACHINE 

107  Madison  St.,  Dept.  45  S,  Chicago,  111. 


l^UUp     to  those  who  already  own  a  Victor,  sample 
r  nCE/    package  of  non.scratching  needles. 


EMPLOYMENT 
DEPARTMENT 


4. 


'  li>  1-;MI'I.0V1-;1\S  'I'liK  Tixhnk  ai.  \V(ii<i.i>  MMiA/iNU 
ollfis  its  services  in  l>i  iiikiiiii:  employi-rs  of  skilled  lnhor 
iii(»  conuiiunicntion  with  trjiinod  and  elliciunt  men.  Write 
the  Kinployment  nepnrtmunt  full  particulars  as  to  the 
•  liialiticatiuns  necessary. 


SITUATIONS  WANTED 

\\'.\NTi:i) — I'ositioii  in  electrical  cnRinecring 
where  there  is  a  chance  for  advancement,  l^x- 
]H'rienced  in  oflice  work.  Address  The  Tccli- 
)iiial  World  Magazine,  No.  381. 


W.ANTED — By  an  engineer  and  electrician 
with  ten  years'  experience,  position  in  a  light- 
ing or  power  plant.  Best  of  references.  Ad- 
dress The  Technical  World  Magazine,  No.  382. 


Wanted — Position  with  constructing  or 
planning  engineer.  Experienced  in  work  with 
steam  and  electrical  apparatus.  Address  The 
Technical  World  Ma<^azine,  No.  383. 


Wanted — Position  as  Architectural  Drafts- 
man, or  in  contractor's  office,  or  as  Salesman 
of  building.  Experienced  in  architectural 
drawing,  designing  gas  fixtures,  and  general 
oflice  work.  References.  Address  The  Tech- 
nical World  Magazine,  No.  384. 


Waxted — Position  as  Helper  in  engine  room 
where  practical  experience  may  be  obtained. 
Address  The  Technical  World  Magazine,  No. 
385. 

^» 

W.\n'ted — Position  as  Assistant  Engineer  or 
Electrician  in  a  Lighting  Plant.  Experienced 
as  dynamo  tester  and  repair  man.  References. 
.\ddress  The  Technical  World  Magazine,  No. 
386. 


W.v.vted — Position  as  Assistant  or  Helper 
in  engine  or  boiler  room,  laboratory  or  elec- 
trical work.  References.  Address  The  Tech- 
nical JVorld  Magazine,  No.  387. 


VV.\XTED — Position  as  Instructor.  Twelve 
years'  experience  in  Correspondence  School 
Instruction.  Graduate  of  Ohio  Wesleyan  Uni- 
versity and  Chicago  Law  School.  References. 
Address  The  Technical  World  Magazine,  No. 
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7'5to4'50  CARDS 

iD  lU  *fJU  for  NAHES 

that    you    use    frequently 
in   quick  get-at-able   form 

THE  REVOLVING 

DIRECTORY 
AND  REGISTER 

for  price  lists,  name 
lists,  telephone 
lists,  paint  or  cloth 
samples.  Made  in 
3  styles  for  wall  or 
desk.  Occupies 
space  of  only  8  x  16 
inches.  : :  : :  : : 
HAXDY— QIICK— NEAT 

Indest  ruct  ible  — 
constructed  of  steel 
and  aluminium. 
Black  or  oxidized 
copper  finish.  New 
cards  can  be  en- 
tered or  old  ones 
removed  in  a 
moment's  time. 
Should  capacity 
become  too  small, 
new  panels  can  be 
purchased  and 
easily  inserted.      : : 

$1.50    to    $7.00 

according  to  capaoit 

We  can  design  panels  especially  flttetl 
to  your  requirements. 

for      "D  e  J  c  ri  pti-V  e     Circtilars 

ORDER  MFG.  CO. 


Write 

MAIL 


Standard  Adding  Machine 


$185.22 


For  Speed,  Capacity,  Durability,  Accuracy,  Simplicity 
The  STANDARD  has  no  equal. 

The  Standard  way  to  add  is  always  accurate.  The 
Machine  cannot  make  a  mistake.  It  has  only  19  keys. 
Its  simplicity  avoids  confusion  and  makes  the  oper- 
ator's work  more  accurate. 

The  speed  of  the  Standard  is  limited  only  by  the 
dexterity  of  the  operator. 

The  Standard  has  10  times  the  capacity  and  double  the 
speed  of  any  other  adding  and  listini;  machine  on  the 
market.    Awarded  the  Grand  Prize  at  St.  Ix)uis. 

Write  for  10  reasons  why 
STANDARD   ADDING   MACHINE   CO. 
35  Spring  Avenue  St.  Louis,  Mo, 

THE    STANDARD    WAY 


K^ 


LhCgqi^ 

LEARNED  LA% 
AT  MOME-^ 


HIS  GHAiJGE  IS  YOUR  CHANCE 


Tlie  growing  complexity  of  man'8 
relations  emphasizes   the  7i<<(? 
legally  traitredminds.    Never  ha 
an  intelligent  grasp  of  the  L:iw 
been  so   indispensable  to  am- 
bition.   Never   has  the  hori- 
zon of  achievement  loomed 
so  large  to  him  whose  (("f^ri/ 
knowledge  doubled  the  d 
nm>iic  power  of  his  nat 
ural  abilities.    In  Com- 
merce, the  legal  eoun 
selor  is  the  arbiter  i 
all     large    matters 
In  Politics, trained 
legal  minds  domi 
nate     Council  & 


[L^W 


mmi 


THE 


Congress 
well    as      the 
Bench.  Nev( 
has       anibi 
tion      had 
such  ea 
access  t 
so  com 
p  r  e  - 
hen 


VOLUMES  I 


pie 


l^ 


5UCCE58 


TO 


5TEP5 


d 


STRAIGHT 


s  i  V  e 
and  nu 
thoiita- 
1  V  e     a 
Store  of  le- 
gal   knowl 
edge     as     is 
presented    in 
the   just   com 
.  "eted     Home 
I^aw    School    So 
riee.     The   7    vols 
already  delivered  to 
housands  of  grateful 
dents  are  augment- 
ed by  Vols.  8,  9  and  10, 
and  byjan.l,  willbecom- 
cted  by  Vols.  11  and  12. 
Owing  to  the  heavy  cost 
of    this  epochal  work   the 
publishers  wish  to  realize  at 
once.  Hence,flrst  2,000  sets  will 
be  numbered  and  sold  at  about 
1  r  per  cent,  disot.       Prompt   ac- 
ion  advised.  Prepares  for  Bar  in 
.11  State;  both  Theory*  Practice. 
Painiihlet,  testimonials  and   special 
rloe  offer,  sent  free.  Chance  of  years- 
Frederick  J.  Dra^ke  S,  Co. 
200  Madison  St.,  CHICAGO 


ARE THE 


Technical 
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THE   TECHNICAL   11' O RED  MAGAZINE 


-  ^RAr    (JUALITV 
S  72.50 
OTHER   GRADES   OF    SAME 
Size    AS  L0«   AS  •sooo 
TERMS  $12.  CASH. S6.  PER  MONTH 

AMoNii.^^T  our  ca.stonit'rs  arc    many  who  buy 
<>n   croillt  h^  flioii-o  —  not  lioi'au.><o  they  can't 
afftirU  to   i«;iy   on-»h.    Ask   tliom    "why"    anti 
thoy   will    toll    you   that  praclually  intylng  for 
an   article  m.akos   tho  co.tt  scorn  as  nothlii>r. 
Of  course,   cvoryhoity   must   know  th.it  thoro  m  a 
'.ifforonce    liotwoon    croilit    prices    and    lowcit    pro- 
vailintr   ca.«h    prices  —  but    with    tis    tho    difference   U 
har>l!y  worth  niontioniiip:.    It's  a  moro  fraction. 

Wo  will  send  j"ou  on  approval,  express  prepaid, 
I  h.ilf  carat  diamond  with  monntinff  like  illustration, 
-^r  any  standard  U-kt.  solid  gold  mounting.  If  rinjr 
IS  as  represented,  pay  express  ajrent  SI'.'. 00.  B-ilance 
:;ionthly.  If  you'd  like  to  have  goods  eciit  by  ropis- 
torod  mall,  send  first  payment  with  order.  Vour 
rppatation  for  honesty  is  our  security. 

C»t»lof  No.  G'2'JO  shows  ft  wfalih  of  diamond  rings 
rancinif  ir.  pricf  (mm  $1'J..'>0  to  $7  t.'l.  It  Inter- 
r«Ti  in  w-.'h. J.  3jk  f-r  . Spinal  Catalog.    Both  free. 

Hi,i:/i- Class 
Jczcclry 
Credit   House 

■i\Z  (G-.i20)  STATE  STIIEET,  CHICAGO 

<tabIiJhrd   1.><8'J  Kcsponsihility .  $'J.")0. 000.00 


KML'JS 


Practical  Books 


JUST  OUT 


PRINCIPLES  OF  ELECTRICAL  POWER  (Continuous 
Current'.  .^  practical  work  without  mathematics 
for  mechanical  Encineers.  By  A.  H,  Bate,  A.  .M. 
Inst.  E.  E.  204  pages,  63  illustrations  and  tables. 
Cloth.         .        .  ...        $2.00 

THE  DISEASES  OF  ELECTRICAL  MACHINERY.     By 

E.  Sent  I  z.  edited  by  Dr.  S.  P  Thomt.son.  D.  Sc. 
.\  first  rate  book  for  the  practical  man.  Illustrated. 
Cloth .  $1.00 

PRACTICAL  CONSTRUCTION  OF  ELECTRIC  TRAM- 
WAYS. By  \V.  R.  BowKER,  C.  E..  E.  E.  A 
practical  work  on  laying  out  and  construction. 
Illustrated.    Cloth  .        .         .        $2.50 

ELEMENTARY    TELEPHONY   AND    TELEGRAPHY. 

Bv  .\.  Cr"TCH.  .\  text  book  for  youny  ent'ineers. 
fully  illustrated.     Cloth,  .        $2.00 

NOTES  ON  DESIGN  OF  SMALL  DYNAMOS.  By 
G.  H.\LLiD.\y.  %vith  complete  set  of  scale  drawint;^. 
Illustrated.     Cloth $1.00 

ELEMENTARY  TEXT  BOOK  ON  STEAM  ENGINES 
AND  BOILERS.  Bv  J.  H.  Kinealy  3rd  Edition, 
enlarged.     Illustrated.     Cloth,         .         ,        $2.00 

HOW  TO  RUN  ENGINE  AND  BOILERS.  By  E.  P. 
Watson,     hih.  Edition,  enlarged,     .         .        $1.00 

Send  for  200  Tage  Catalogue  FREE 

SPON  &  CHAMBERLAIN 


125  T.  W.  Liberty  Street 


NEW  YORK 


EMPLOYMENT  DEPARTMENT    (Concluded) 

W'.WTHK— Posilidii  ill  CViural  .Siatimi  wmk. 
K.xpcricnccil  in  iiK'lir  U-stiiin  ami  repairing 
Ki'fiToncfS.  .Vdilri'ss  'I  he  Trcliiiiiiil  ll'mlil 
Miiyticiuc,  Ko.  jS*^. 


W'wilvl)  rnsitimi  as  Assistant  in  I'^.li'Clriial 
l'ii\v(.-r  or  iMaiuifactiirin^  Plant  wlicrc  practical 
experience  niav  lie  ;,Mine(i.  Ueferences.  Address 
'J'/te  JW/z/i/iii/  U'o//ciM(ii;aziiif  No.  iJitU 


Wanted-  Position  in  Gasoline  Enf,nne  Fac- 
tory withcliance  for  advancement.  References. 
Address  'J'/ic  J'tc/i/iica/  Uor/d  Mtn^tiz/iie, 
No.  3'.tl. 


En({ine  for  Sale 

For  Sale — 3  11.  P.  .\uto.  engine,  air  cooled, 
weight  60  lbs.  May  be  used  stationary.  Price 
$38.00.  Rough  castings  $9.00.  Circular  free. 
Climax  Elec.  Works,  New  Salem,  Mass. 

^* 

Stamps  and  Dies 

Steel,  Brass,  Wood  Stamps  loc  a  letter; 
— Seals,  Door  Plates,  75c  ; — Embossing  Dies, 
Wood  Cuts  $1.50; — Presses  $3.00; — Postal 
brings  price-circular; — J.  Kiola,  engraver,  15.5 
W.  Madison  St.,  Chicago,  111. 


INLAND  ARCHITECT 

Is  the  Finest  ARCHITECTURAL  JOURNAL  in  the  World 

240    Full   Page   Plates 

in  a  year,  presenting  in  perspective, 
plan  and  interior  views  the  work  of 
America's  leading  architects  critic- 
ally selected  from  the  latest  designs 
of  all  classes  of  buildings  in  every 
city  in  the  country. 

C  The  Inland  is  the  representative 
architectural  journal  of  the  United 
States  and  has  held  this  position  for 
22  years.  4L,  It  is  indispensable  to 
an  architect's  office  and  a  valuable 
assistant  to  the  contractor,  builder 
and  ambitious  carpenter.  Issued 
monthly.  C.  Subscription,  $10.00 
per  year;  single  copies,  $1.00  each. 


THE   INLAND  ARCHITECT 

Harrison  and  Dearborn  Streets     ::     CHICAGO 
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/  Sent  FREE 
on  Approval 


This  Complete  Loose  I 
Leaf  Record  Outfit  I 

>■   r\         Forty  Special  Record 

__  Blanks  to  choose  from 


Dimensions  of  Binders  When  Open 


.  thick.' 


Just  to  PROVE  TO  YOU  that  Moore's  Modern  Methods  are  belter  and  cheaper  than  any  other  system  you 

ever  used  for  keeping  Ledger  Accounts  and  records  of  ALX,  KINDS,  we  will  send  ON  APPROVAL,  EXPRESS 

PREPAID,  one  of  our  Special  One  Dollar  Loose  Leaf  Outfits,  with  your  choice  of  any  of  the  40  Record  Forms 

listed  below.     After  testing  it  thoroughly  for  ten  days  we  ju-e  confident  you  will  li!<e  it  much  better  than  any 

other  method,  and  be  glad  to  mail  us  a  dollar  in  full  payment.      Should   you  decio«  that  it  is  NOT  WORTH 

MORE  TO  YOU  than  it  costs,  SEND  IT  BACK  AT  OUR  EXPENSE.    Thousands  of  business  and  professional 

men  are  using  these  outfits,  and   we   have   numerous  testimonial   letters  from  them  stating  that  our  methods 

save  time,  money  and  useless  work.     Check  the  forms  you  wish   to   try,  w^rite   us   TODAY   on  your  business 

stationery,  and  we  will  ship  the  following  complete  outfit,  all  charges  prepzud,  to  any  address  in  the   U.  S. 

One  complete  Loose  Leaf  Binder,  covered  with  imported  Buckram,  size  5'i  in.  high,  S'i  in,  wide,  I'i  in.  thick,  filled  with  200  Record 

Forms,  printed  on  a  fine  quality  of  white  bond  paper,  your  choice  of  5  Ledger  Rulings  or  any  of  the  40  diiferent  forms  listed  below,  with 

one  complete  set  of  25  Alphabetical  Index  Sheets,  together  with  25  Plain  Movable  Metal  Markers  for  indexing  the  records  by  dates. 

Purchasing  Agents'  Records,  157 
Prospective  Customers  List,  104 
Quadrille  Ruled  Forms 


Center  Ruled  Ledger  Forms,  117C 
Extra  Debit  Ledger  Forms,  117D 
Petty  Ledger  Forms,  117 
Standard  Ledger  Forms,  117B 
Double  Ledger  Forms,  ii7£ 
Advertising  Contracts,  150 
Advertising  Returns,  133 
Cost  of  Production,  115 
Catalogue  Indexing,  151 
Cash  Bouk  Ruled  Sheets,  126-128 


Duplicating  Requisition  Blanks 
Dentist  s  Records,  107 
Employees  Records,  143 
Following  Up  Collections,  145 
Freight  Claims,  no 
Horizontal  Ruled  Forms  [5  colors] 
Household  Expense  Records,  161 
Installment  Accounts,  123 
Insurance  Office  Records,  199 
Insurance  Solicitor's  Records,  155 


Journal  Ruled  Sheets,  126128 
Lawyers'  Cv^Uection  Docket,  137 
Library  Indexing,  159 
Lodge  or  Society  Records,  127 
Mortgage  and  Loan  Records,  132 
Monthly  Time  Sheets,  121 
Orders  Received  Blanks,  130 
Price  List  Blanks,  133 
Publishers'  Subscription  Lists, 217 
Physicians'  Records,  140 


Quotations  Given,  log 
Quotations  Received,  in 
Real  Estate  Records,  197 
Recapitulation  Blanks,  102 
Salesmen's  ■•  Follow  Up,"  153 
Stock  on  Hand  Records,  113 
Weekly  Time  Sheets,  119 


OUR  CATALOGUE  "MOORE'S   MODERN  METHODS"    contains  128  pages  of  valuable  information  on  Bookkeeping  and 
Loose  Leaf  Accounting  ;  it  Ulustratts  and  describes  the  various  ruled  and  printed  forms  furnished  with  this  outfit.    May  we  send  it  to  you  ? 

JOHN  C.  MOORE  CORPORATION,  556  Stone  Street,  Rochester,  N.  Y. 

Oiu-  Goods  are  NOT  Sold  by  Dealers.  Makers  of  Everything  in  the  Line  of  Blank  Books,  Loose  Leaf  Binders  and  Office  Stationery. 


The  Failure  of  Merrill  ®  Baher  '*"■'■"■'«" 

places  in  our  hands  the  remainder  of  their  greatest  publication 

RIDPATHS  HISTORY  OF  THE  WORLD 

9  massive  volumes,  4,000  pages,  2,000  illustrations. 
The  sets  are  their  latest  edition,  down  to  date,  new,  just  from  the  bindery 
beautifully    bound    in   half   morocco.       We   shall  sell  them   at 

A  VERY    GREAT    BARGAIN 

Less  even  than  DAMAGED  SETS  have  been  sold 

Hundreds    who    read    this    have    decided    to  buy  Kidpath's 
some  day;  now  is  the  time.      No  need  for  us  to  tell 
you  about  Ridpath.       The  English-speaking  world  has  pro- 
nounced this  the  only  history  of  the   world  -worth 
having. 

It  is  endorsed  by  Presidents  Harrison,  Cleveland  and 
McKinley,  Jefferson  Davis,  Lew  Wallace,  John  L.  Stod- 
dard, Bishop  Vincent,  Dr.  Cuyler,  Kabbi  Hirsch,  Presi- 
dents of  Ann  Arbor,  Amherst,  Brown,  Dartmouth,  Tufts, 
Trinity,  Bates,  Colby,  Smith,  Vassar,  Yale  and  other  Col- 
leges, and  by  the  Great  American  People,  200,000  of  whom 
own  and  love  it. 

You  should  buy  Ridpath  now 

Because  it  is  the  only  Reneral  history  recognized  as  an  authority. 
Because  you  should  know  history  in  these  liistory  niakine  days.     _ 
Because  'it  is  so  beautifully  written  your  children  will  learn  to  love  it. 
Because  this  is  your  chance  to  buy  it  much  less  than  ever  hefore. 
Because  you  may  pay  in  small  sums  monthly  if  you  prefer. 

Send  coupon  to-day.    We  will  write  you  all  about  it 
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Practical  Electricity 

THE   BOOK   OF   MERIT 

Its  .irranjwments;  its  quostiims  .iml  answers;  its  (luiuiii.uv;  makes  the  study  of  the  subject  a  pleasure 


There  are  XX  chap- 
ters or  subject*  can  y- 
inc  you  from  ihe  fuiiila- 
niciital  principles  of 
electricity  on  through 
the  various  branches  to 
«  point  where  the  care- 
ful  student  compre- 
hends the  complete  de- 
sieninc.  care  and  opera- 
tion of  a  dynamo  or  a 
motor.  Each  subject  is 
carefully  written  and  to 
the  p«iint.  After  a  stu- 
dent studies  a  subject, 
he  is  questioned  onthat 
subject  in  such  a  man- 
ner as  to  bring  clearly 
to  his  mind  the  points 
he  needs  to  know  re- 
Rardine  same.  A  DIC- 
TIONARY in  back  of 
book  will  enable  him  to 
learn  the  meaninc  of 
any  electrical  word. 
term  or  phrase  used  in 
this  book  as  well  as 
hundreds  of  others  in 
common  use.  All  re- 
quired tables  necessary 
in  the  study  are  in  it. 


\- "^ v^.  'aC^ -^WiBi 'SHED- BY  .        ■--.'-,. ->;. 


r:^4#g®^WiK^i« 


Price    $2.00 
per  copy 

This  book  will  help 
ynii  in  the  study  of  elic- 
triciiy  as  no  other  book 
ever  has. 

The  offer  we  make  of 
refuiuiinc  money  if 
book  is  not  satisfactory 
upon  exaniination  is  AN 
UNUSUAL  ONE  in 
connection  with  the  sale 
of  a  book.  But  we  have 
no  fear  of  its  return. 
Your  decision  will  be 
what  thousands  of 
others'  have  been. 
Money  would  not  buy  it 
if  it  could  not  be  dupli- 
cated. VVe  could  print 
testimonials  by  the 
hundreds.  It  is  the 
best  to  order  and  be 
your  own  judge  of  its 
merits. 

We  are  now  selling 
the  fourth  edition.  No 
other  electrical  book 
has  ever  had  so  great 
a  circulation. 


Read  What  Our  Engineering  Department 
-HAS  TO   OFFER  = 


AGENTS 

We  Manufacture 

Dynamos    and.    Motors    like 

cut  from  8  to  150  lights 

and  H  to  10  H.  P. 

Write  for  our  catalogue  and  pro- 
position in  reference  to  how  tc 
sell,  and  commission  we  pay. 

Our  proposition  is  an  ideal  one 
for  any  man  who  is  connected  with 
a  power  plant  or  central  station; 
the  people  to  whom  you  furnish 
power  will,  in  most  cases,  favor 
you  if  you  but  tell  them  you  are 
agent  for  a  good  machine. 


Cleveland 
Armature  Works 

Cleveland,  0. 


DESIGNING 

We  will  design  and  furnish  Wind- 
ing Specifications  for  anything 
electrical. 

If  you  desire  to  manufacture  a 
line  of  Dynamos  or  Motors,  we 
will  sell  you  working  Blue  Prints 
and  Winding  Specifications  for 
making  machines  like  cut.  One 
frame  does  for  8  Machines,  3  Dy- 
namos and  6  Motors,  this  we  call 
a  set.  We  will  sell  you  Blue  Prints 
and  Winding  Specifications  for  a 
set  for  $.50.00,  thus  enabling  you  to 
manufacture  your  own  machines. 
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Cyclopedia 
of  D rawing 


A  new  enlarged  edition,  constituting  a  complete  en- 
cyclopedia of  information  on  Drawing,  has  just 
been  issued  for  the  library,  the  shop,  drafting  room: 
teacher,  student  and  all  others  interested  in  this  fasci- 
nating subject. 

The  set  is  published  in  two  handsome  volumes,  bound  in  14,  red 
morocco.  It  contains  over  1200  pages  (8x10  inches),  completely 
indexed  and  beautifully  illustrated  with  1500  illustrations, line  draw- 
ings, half  tone  engravings,  full  page  and  folding  plates,  tables,  etc. 


Both  volumes  sent 


FREE 


for  examination 


No  more  comprehensive  treatise  on  drawing  has  ever  been  pub- 
lished than  this  new  enlarged  edition  of  the  Cyclopedia.  Twenty- 
five  dollars  would  not  buy  separate  volumes  covering  the  subjects. 
The  chief  object  in  offering  the  books  at  a  reduced  price  is  to  show 
the  character  of  our  instruction  in  drawing  and  to  interest  the  public  in  the  work  of  our  school. 

R.  FRITSCH,  New  Orleans.  La.,  says:  "I  cannot  say  half  cnouyh  in  praise 
of  the  'Cyclopedia  of  Drawing.'  I  was  greatly  surprised  to  receive  such  fine 
books,  containing  so  much  valuable  information,  at  so  low  a  prir.e." 

SPECIAL    OFFER 

To  Readers  of  The  Technical  World 

Not  Good  After  November  30th 

BOTH  VOLUMES  sent  free  on  approval  (express  prepaid).    Keep  them  five  days.    If  satis- 
factory send  $1.00  and  $1.00  per  month  for  six  months  thereafter.    Otherwise  notify  us 
and  we  will  transfer  them  absolutely  free.    They  have  a  permanent  utility  that  makes 
them  a  desirable  acquisition  to  every  library. 


FVeehand  Drawing 
Mechanicaj  Drawing         ^ 


S 


LIST  OF  AUTHORS  AND  SUBJECTS 

Prof.  H.  E.  Everett,  University  of  Pennsylvania 
Prof.  E.  Kenison,  Massachusetts  Institute  of  Technology 

Prof.  H.  W.  Garijner,        [\  '\  '\  .        .    Shades  and  Shadows 

Prof.  D.  A.  Gregg,  "  '\  |]  Rendering  in  Pen  and  Ink         «V 

Prof.  W.  H.  Lawrence,     "  "  "  Perspective  Drawing  > 

Frank  Chouteau  Brown.  Architect.  Boston        .       .    Architectural  Lettering         <^      ^    ^ 
H.  V.  von  Holst,  Architect,  Chicago      .        .      Rendering  in  Wash  and  Color,  O         ^     -t"  , 

"  "  "  "  Water  Color  hints  for  DrafLsman         A-        d^'     ■<}'^ 

Prof.  W.  H.  James,  Mass.  Inst,  of  Technology     .        .    Working  Drawing         rV>      ^       *  * 
Prop.  C.  L   Griffin,  formerly  Pa.  State  College  .     Machine  Design  5^       o  .y" 

Wm.  Neubecker,  N.  Y.  Trade  School    .     Sheet  Metal  Pattern  Drafting  -^     S'\. 

....     Tinsmithing  ^^-^     ^-^ 

"        .        .    Practical  Problems  in  Mensuration  ^      ^  .-^ 


American  School  of  Correspondence 

CHICAGO,  ILL.,  U.  S.  A. 


^ 


^<^ 
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arc  the  .st;uul;irii  for  ari-ur;u-y,  workmanship,  design    and 
finish.      \N'licthcr  you  use  tools  to  earn  your  dailv  bread 

or  tor  ainu>enu-nt  and  relaxation  from   a   dittcrcnt  vocation,   it   pays   to   use   GOOl)   tools. 

You  can  get  a  better  quality  of  bread  and  a  gcod  deal  more   pleasure.      Use  Starrctt  Tools. 

Send  for  Catalogue  No.  17G.      176  pages,  illustrated,  free 

THE  L.  S.  STARRETT  CO.        Athol,  Mass,  U.  S.  A. 


The  Economical  Way 


OF 

HANDLING 
COAL  WITH 

JEFFREY 
GRAB 

BUCKETS 

Will  also  work 

in 

ORE,  EARTH, 

CLAY, SAND 

and 

BROKEN 

LIMESTONE 


FEATURES: 
Self-filling. 
Wide  Spread, 
Flat  Path, 
Great  Closing 
Power. 


GRAB  BUCKET  PAMPHLET  No.  77A 

Mailed  free  with  Catalogues 
on 

Elevating,  Conveying,  Power  Transmitting, 

THE  JEFFREY  MFG.  COMPANY, 

Colmmbas,  Ohio,  U.S.A. 


OLPSengim:s 

Economical  Power 

In  sending  out  their  last  specifica- 
tions for  gasoline  engines  for  West 
Point,  the  U.  S.  War  Department  re- 
quired them   ^'to  be  OLDS  ENGINES  or 
equal."    They  excel  all  others,  ox  the  U.  S. 
Government  would  not  demand  them. 
They  are  the  horizontal  type,  2  to   100 
H.  P.,    and   are   so  simply   and   perfectly 
made  that  it  requires  no  experience  to  run 
them,  and 

Repairs  Practically  Cost  Nothing 

Send  for  a  catalogue  of  our  Wizard  Engine,  2  to  8 

H.  P.,  (spark  ignition  system,  the  same  as  in  the 

famous  Oldsmobile),  the  most  economical  small 

power  engine  made;  fitted  with  either  jaclc- 

_pump  or  direct-connected  pump.     Or,  our^ 

general  catalogue,  showing  all   sizes^ 

.OLDS  GASOIINE  ENGINE  WORKS, 

Lansing,  Mich. 


Foot  or 
Power 


We   make   Foot-Power   Lathes,    Engine   Lathes, 
Bench  Lathes,  Speed  Lathes,  Wood-Turning  Lathes 


"Star"  Lathes 

High  erade  screw  cutting  engine  Lathes,  9  to  16  inch  swing, with  forged 
crucible  ste',1  hollow  spindles,  phosphor  bronze  beaiisgs,  gear-driven 
reversible  feeds  with  strong  friction  drive  in  apron,  patented  spring 
nuts  for  holding  change  gears  in  place  and  allowing  quick  shifts.  Can 
furnish  Draw-in  Chuck,  Gear-cutting,  Milling  and  Taper  Attachments 
when  desired. 

Suitabje  for  electrical  and  repair  work,  model  makers, 
gunsmiths,  technical  schools  and  fine,  accurate  machine 
shop  and  tool  room  service.     Send  J^or  Catalog  B. 

The  Seneca  Falls  Mfg.  Co. 

115  Water  Street         ::         Seneca  Falls,  N.  Y  ,  U.  S.  A. 
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TOURING 


The  New  Fall  Fold. 

Omv  "  Touring"  Collar  (as  shown  above) 
is  the  result  of  the  demand  for  a  collar  similar 
to  our  popular  On  Hug,  but  higher  above 
the   buttonhole — covering   more  neck. 

These  two,  —  Outing  and  Touring  are 
modelled  from  an  original  Corliss  Coon  design, 
since  copied  in  almost  every  other  brand. 

Touring  is  the  right  height  for  cooler 
weather  and  will  be  found  to  give  the  same 
satisfaction  as  to  fit  and  wear,  that  made 
Outing  ^OY>VL\a.v\iy  permanent. 


Corliss  Coon  Collars 

outwear    others.      Mark    your   collars    every    lime 
they  go  to  the  laundry  and 
you  will  find  this  to  be  so. 
And  here's  why. 

They   are  always  full 
4ply  strength.     But  so 
they    will    bend  more 
times    without   break- 
\       ing,     heavy     interlin- 
ing   is  removed  where 
'    I     Collars  usually  break  in 
'       taking  the  laundry  fold. 
Turned-in  edges  are  bound 
to  prevent  inside  raveling, 
and  the  "gutter  seam"  instand- 
g  styles  prevents  saw  edges. 

Just  ask  your  furnisher  for  Corliss 
Coon  collars.  If  he  hasn't  them  he  can 
get  them  of  us.  If  you  are  not  willingly 
supplied,  we  will  promptly  fill  your 
order  direct  from  the  factory  on  receipt  of 
the  price,  2  for  25c;  6  for  75c;  fl.SOperdoz. 

Write  for  "Collar  Kinks"— the  new 

book  of  styles  and  correct  dress. 

Corliss,  Coon  &  Co., 

19  K  Street,  Troy,  N.  Y. 


How  Many.^rips 
To  the  Laiiq.dn  : 


BRAZE  CAST  IRON 

With  BRAZIRON    ::    Cheap— Easy 

Opens  up  a  new  field  of  profitable  work  for 
blacksmiths,  repair  shops  and  machine  shops. 
Write  J^or  Full  Varliculars. 
Send   12   cents   in   stamps  for   samples. 

THE  A.  &  J.  MFG.  CO.  'iZ-^ti^^Ml 


A    SUBSCRIBER  to  the   "Technical  World   Maga- 
zine" oflers  for  sale  a  valuable  5-vol.  Elec- 
trical Engineering  Library  (slightly  damaged) 
bound  in  leather.     For  further  information 

Address  K.  F.  M. 

Care  of  The  Technical  World  Magazine 
;!323  Armour  Ave.  -  -  Chicago,  111. 


ANGLE  BENDERS 

V/e  make  hand-power-bendera 
for  forming  angles  in  stock 
1  inch  thick  and  under.  Light 
stock  can  be  bent  cold. 

WALLACE    SUPPLY    COMPANY 

903  Garden  City  Block.  CHICAGO.  ILL. 


ARITHMETIC 


PRACTICAL 
ARITHMETIC 

Seir-Taught 


SELF    TAUGHT 


Do  not  despair  because  throujih 
neglect  you  have  forgotten  what  you 
once  learned  about  Arithmetic.  Prof. 
Spangenberg's  Nevy  Method  requires 
no  teacher.  238  pages;  sent  prepaid 
on  receipt  of  55c.  in  stamps.  13est 
book  ever  published. 


ESTABLISHED  1870 

GEO.   A.   ZELLER    BOOK   COMPANY 
Airents  Wanted  Evirywliere.         9  So.  4th  St.,  St.  Louis,  Mo. 


SECOND-HAND 
MOTORS  DyHZ.os 

We  carry  a  stock  of  700  MacMtieSm 

All  finished  like  new  and   fully  guaran- 
teed. Low  prices  and  immediate  delivery. 
Guarantee  Electric  Co.,  Chicago 


20th  CENTURY  SOAP, 


a  purely  veeetable  oil  soap,  containing  no  lye,  but  cleanine  by  the 
penetratine  nature  of  its  oils.  Good  for  engineers,  electricians, 
chemists,  etc.,  it  tlioroughly  removes  all  stains,  such  as  rust, 
grease  and  oil,  either  from  the  hands  or  clothing,  without  injuring  in  the  slightest.  Also  unsurpassed  as  a  DRILLING  SOAP.  HAS 
NO  EQUAL  FOR  AUTOMOBILES.  For  cleaning  floors  and  walls,  especially  hard  wood,  it  is  invaluable.  Does  not  injure  the 
polish,  but  adds  to  the  lustre.     If  your  dealer  does  not  keep  it,  send  us  his  name  and  address  and  we  will  send  you  a  large  can  free. 


HOFFHEIMER  SOAP  COMPANY, 

Eastern  Office,  No.  1  Madison  Square,  NEW  YORK. 


168  East  Jackson  Boulevard.  CHICAGO 

Renshaw  Bldg.,  PITTSBURG.  PA. 
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TTIE  rnTCAGO  «S:  ALTON 

runs  the  larfjp.st  passengerengines 

in  the  world 

They  keep  the  trains  on  time 

Between  Clhicago, 
St.  Louis. 
Kansas  City  and 
Peoria 

Geo.  J.  Charlton,  General  Passenger  Agent 

CHICAGO,  ILL. 


THE  GROWING  SOUTH 


No  OTHER  section  is  forging  ahead  so  fast  as  the 
Southeastern  States,  in  agriculture,  horticulture, 
factory    building    and    general  progress.     The 
last  year's  record  along  the 

SOUTHERN    RAILWAY 

AND 

MOBILE  &  OHIO  RAILROAD 

of  investments  in  factories  and  improvements  was 
over  ?1UO,(JOO,000:  for  three  years,  $.^50,000,000. 
Splendid  Opportunities  exist  in  Alabama,  Georgia, 
Kentucky,  Mississippi,  North  Carolina,  South  Carolina, 
Tennessee  and  Virginia;  and  in  Southern  Illinois  and 
Southern  Indiana,  for  investments  of  all  kinds;  in  tim- 
ber, mineral  and  other  lands.  Factory  Locations. — 
Where  all  conditions  are  favorable  for  making  and 
marketing  iron  and  steel  and  their  products,  all  kinds 
of  wood  using  articles  and  nearly  every  other  line 
of  industry.  ^  Publications  and  special  information 
furnished.  Our  department  is  a  Bureau  of  Free 
Information  for  all  seeking  locations  or  investments. 


M.  V.  RICHARDS,       :     Land  and  Industrial  Agent 

Southern  Railway  and  Mobile  &  Ohio  Railroad 

Washington,  D.  C. 


Chas.  S.  Chase,  Agent. 

722  Chemical  Building, 
M.  A.  Hays,  Agent. 

225  Dearborn  Street, 


:    St.  Louis,  Mo. 
::       Chicago,  III. 


INDUSTRIES 

OFF  E  R  E  D 
LOCATIONS 


Willi  satisfactory  inducements, 
f.i\Mral)le  (rei^iit  rates,  ^ood  labor 
Conditions,  liealtliful  communities, 
on  the  lines  of 


THE  ILLINOIS  CENTRAL  RAILROAD 

AM)    TllK 

YAZOO  &  MISSISSIPPI  VALLEY  R.  R. 


V'T    full    information    and    descriptive 
pamphlet,  address 

J.  C.  CLAIFL. 

Industrial  Commissioner, 

1  Park  Row,  Chicago.  III. 


WITH    .STOP   OVLK    AT 

MIMAKA  FALLS. 
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Edited  to  entertam  artd  Inform  every  member 
of  the  family  -  every  week. 


EVERY  NEW  SUBSCRIBER 


FREE 


Who  cuts  out  and  sends  at  once  this  slip  (or  mentions   this    publication)  with 
$1.75  for  The  Companion  for  the  fifty-two  weeks  of  1906  will  receive 

The  nine  weekly  issues   of  The   Companion   tor   November    and 
December.  1905. 

The  Thanksgiving,  Christmas  and  New  Year's  Double  Numbers. 
The  "Minutemen"  Calendar  lor  1906,  in  twelve  colors  and  gold. 
As  much  reading  in  the  year  as  would  fill  twenty  octavo  volumes. 
$12,000  will  be  shared  equally  by  subscribers  getting  five  new  subscriptions.     Send 
for  information,  Announcement  for  1906,  and   free  Sample  Copies  of  the    paper. 

D3 
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4  =  SHAVES  for  1  c 


BY  THE 

USE 
OF  THE 


ORTO 


SAFETY     PAZOP 


ONE  PIECE 
HANDLE  and 
BLADE 

FULL  SIZE 

TRIPLE 
SILVER 
PLATED 


Thcie  aie  twtlxc  duuMc  edged  lll.uU■.-^  or  twenty  four  cutting 
edj;es  of  the  linest,  sinootliest,  hardest  steel,  ground  by  our  own 
priK-css  to  a  lasting,  iierfect  edge.  Tliey  are  teiupered  so  hard  they  will  cut 
gla>s,  and  each  one  of  these  liladcs  will  give  20  to  40  smooth,  perfect,  easy 
shaves,  no  matter  how  harsh  the  beard,  with 

NO    HONING    OR    STROPPING 


A  set  of  new  blades  will  cost  $1.IK) 
vou  can  see  how  you  can  get  lUX)  to 


MORTON 


^ 


i"T  the  ^205^3  to  develop  to  the  highest 
p. 'int.  wheie    others    have    experiinented 


Exact  Size  of  Blade. 
Its  construction   is  so  simple  that  it 
cannot  get  out  of  order,  and  any  one  can  use  it.      There  are  only  two  pieces — 
handle  and  blade.     The  blade  slips  into  the  handle  without  screws,  clasps,  hinges, 
or  other  movable  parts.     With  the  ^^£Igy  cutting  the  face  is  impossible. 

PROVE  ALL  THIS  BY  A  TRIAL  AT  OUR  EXPENSE 

Dse  the  MOltTON  thirty  days  and  if  for  any  reason  you  want  your  money  back,  just  return  the  razor 
and  we  will  return  your  money  without  question.  We  pay  express  charges  both  ways.  We  authorize 
all  dealers  to  make  this  offer.  If  yours  don't  handle  the  WSBISB  write  us  for  our  interesting  booklet, 
but  be  sure  he  doesn't  induce  you  to  try  "some  other"  kind.     There  is  no  other  razor      just  as   good." 


yORTOhJ  ii82Tacoma  Building,  Chicago,  111.,  U.  S.  A. 


=>& 


W 


FRISCO 

SYSTEM 


Chicago  65r  Eastern  Illinois  Railroad 

THE      NEW      LINE      TO      ST.      LOUIS 

Two  handsome  electric-lighted  trains  each  way  daily.  In  addition  to  the  Cafe- 
Bufifet  and  Parlor  Observation  Cars,  the  day  train  carries  a  Combination  Chair 
and  Club-Room  Car,  with  compartments  for  parties  desiring  to  travel  in  seclusion, 
and  it  costs  no  more  to  ride  in  these  cars  than  in  ordinary  coaclres.  The  equip- 
ment of  both  trains  is  brand  new  and  they  have  every  modern  appliance 
for  comfort  and  luxury.     Trains  leave  at  10:37  a.  m.   and  11:32  p.  m.  from  the 

LA    SALLE    ST.    STATION.    ON    THE    ELEVATED    LOOP 

Just    a    few    minutes'    walk    from    all    the    Theaters    and    Hotels 


A.    B.    SCHMIDT, 

Telephone    Central    4446 


CeneraljA.senf    "Pas^'r    T*  ep'  t 

91    Adams    Street.    CHICAGO 


ii 


Metition  Technical  World  Magazine 


A  FEW    BARGAINS 

IN    DRAWING    INSTRUMENTS 


Made    of    Fine    German  Silver,    in    Leather   Covered    Cases,   Velvet  Lined. 


Set  No.  8059,  consisting  of  ]\uling  Pen, 
5/^  inches;  Dividers,  6  inches;  Compasses, 
6  inches,  with  parts. 

£ach,  prepaid,       ....       $2.00 


Set    No.  8159,  consisting  of   Ruling  Pen,   5}i 

inches;   Compasses,  6  inches,  with  parts. 

EacK,  prepaid,       ----..        $1.50 
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Set  No.  8062,  consisting  of  Ruling  Pen, 
5'^  inches;  Bow  Pen,  3  inches;  Dividers, 
6  inches;  Compasses,   6  inches,  with  parts. 

Each,  prepaid,        ....       $2.50 


Set  No.  8168,  consisting  of  Ruling  Pen,  5inches; 
Three    Bow  Instruments,    3^4    inches;    Dividers, 
6  inches;  Compasses,  6  inches,  with  parts. 
Each,  prepaid,        .-_-.-        $3.00 


.^ytll  our  goods  are  ^ully  tetarranied.       Money  refunded 
on  any  article  bvhich  does  not  pro-Oe  entirely  salisf  actor y. 


We  make  and  carry  the 
most  complete  line  of 
Drawing  Materials  and 
Surveying    Instruments. 


Write  for  price  of  our  special  A. 
S.  C.  Drawing  Outfit.  Specially 
adapted  for  studentsof  the  Amer- 
ican  School  of  Correspondence. 


EUGENE  DIETZGEN  COMPANY 

manufacturers  and  importers  of 
Drawing  Materials  and  Surveying  Instruments 

ISl  Monroe  Street,   CHICAGO                                            119  West  Twenty-third  St.,   NEW  YORK 
CUT  OUT  AND  MAIL  AT  ONCE 


Date 

EUGENE  DIETZGEN  CO.. 

Gentlemen:    Enclosed  find  15  cents,  for  which  please  send  prepaid  your  416  page  catalogrue,  1905  edition. 
This  amount  to  be  refunded  on  first  order  amounting  to  not  less  than  $1.00. 


(T.W.Oct.) 


City  State. 


HAVE    YOU   WORN   THEM 


N't  •■i--lliilin(i"  —  ti'it  "piii'or  collnrs."  but  made  of 
till"  oloih.  f\  ictly  ^••^pIublo  f.i?lijoii;ilile  llin-u  ^lood!;, 
Hiul  ciwit  of  di'.iliTS,  for  Ixx  of  tfti,  25c.  ('-'■'  cts.  iMch). 

NO     WASHING     OR     IRONIfiC 

When  foiled,  discard.  By  mail,  10  collars  or  5 
pairs  of  cuffs,  for  30c.  Snmple  collar  or  pair  of 
cufTs  for  Ch'.  In  r.S.Ptaiups.    Give  size  and  style. 

REVERSIBLE  COLLAR  CO..  Oept.  W.,  BOSTON,  MASS. 


MENNEN'S 


Toilet 
owder 


Beautifies  atij't 
Pr«s«rTes  tfie  "^ 
Complsxion. 


Be  sure  that  you  pet  the  original.    For  sale  everywhere  or  1 

Mail    aSc.       P^TTi^le    Free.       T'-y  M,>n!,-,rs    ri-!e!  Ta!.  „ 

CERHARP  MEX.VEV  CO..  .Vew.'irk.  .\.  J. 


is  it  Time  Stamp 
Should  Know  About 

iiun.r  ..liul  Ih.k|„,'.s  ,,'"'<•'  ><< 
V.r.  llMit'  Mhii>|'.  iMlllKr  Mlj.l  (,ir 
(liiiii  aii.N  lliiK'  hlniii|i  r  .  rr  iiwiilc. 
H  (lie  iiicintli,  liriv.  Ixmr  iiiiil 
•  nil  inn  HiMlini-  «  iii'n- ii  imiIiIht 
I'liii   prliil. 

The  Perry 
Time  Stamp 

i-OIIIAllI.K  HKI.K-nklMl 

AlTOnATIC 

I'ri'VciilH  ilrlit.v  III  liaiiillliitr 
i'«»rn'hpi>iitU*iifi',  onliTM,  ti'li' 
K'niins,  liiviilri'K,  h  h  I  |i  ii  I  ii  i; 
K<"i<Ih,  etf.  I'm-innilrd  liir 
fmtory  riihl  Hyhti-iiiH  and  tliii 
IMX  ciiiplovi'i's.  (iiiaraiili'i  il 
Olio  J  ear— will  lant  a  llfctlini'. 

Sceoiirexlillilt.dllliT  Appll- 
iiiicfH  Show,  Maillsoii  Siinarc 
i;arik'ii,  New  York  City,  ticto- 
iKTlUt  toNoveiiil>er4,  llHiri. 

Write  for  liiteKt  edUUm  No. 
:i2.  our  FKKK  iMioklct.  TellH 
whole  Htory  of  the  HunlneHH 
Mann  Time  Saver. 


AsU  fur  rnrllru 
our  Trn-lluy 
KKKK  Triiil  Offer 


PERRY  TIME  STAMP  CO. 

II  U.  nudlson  SI.,  niKHI.O  llniiiii's  IIIiIl-.,  M  VV  YIIKk  111  V 

Hr.iiirli  I  illi.'fs  In  all  liiiportaiit  cities. 


' '  T/icse  two  I  use  daily 

ARNICA 

Tooth  Soap 

Is  antiseptic; 

preserves 

while  it 

beautifies. 

No  spilling  or 

wasting;  convenient 

and  economical. 

25  Cents 
At  all  Druggists 

STRONG'S 

Arnica  Jelly 

(Carbolated) 


Keeps  the  skin 

free  from  rpugh' 

ness  and  pimples.  Nothing  better 
for  sunburn  c  r  chapping;  also  for 
cuts,  bruises,  burns  and  all  erup- 
tions. Keeps  the  skia  soft,  smooth 
and  delicate.  The  collapsable  metal 
tube  is  convenient  and  unbreakable. 

Take,  it  7V!tk  you  wherever  you  £0. 
Jf  your  drii^rcist  hasn't  it— Send  to  us. 

Sent  postpaid  en  receipt  of  25  cents. 
C.  H.  STRONG  &.  CO. 

CHICAGO 


vose 


PIANOS 


have   been   established   over   50    YEARS.     By   our 

system  of  payments  every  family  in  moderate  cir- 
cumstances can  own  a  VOSE  piano.     We  take  old 
instruments  in  exchang-e  and  deliver  the  new  piano 
in  your  home  free  of  expense.        Write  for  Catalogue  D  and  explanations. 

VOSE  ISi  SONS  PIANO  CO..  160  Boylston  St.,  Boston.  Mass. 


